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PREFACE 


The iTnist prolific and dyuaimc industries of this century are 
the Petroleum and the Petrochemical, Mankind consumes more 
tlian 2,500 million tons of oil yearly. This significantly reveals 
the magnitude, economic edifice and necessity of the industry, 
h'rom the most primitive melhods, of extraction and refining of 
petroleum, a great transforimtion has occured throughout these 
years to materialise the modern refinery. I'his is <lue to the 
timely induction of the scientific and technological aiilvancenients 
into refinery operations. Advancements are many anrl knowlctlge 
is expanding, one has to keep abreast with these things. 

This book describes refinery processes in a amcise manner 
for students. Further, a reference is made to the Indian 
Petroleum Industry, wherever useful. An attempt is made to 
use SI units wherever possible. 

1 acknowledge my indebtedness to publishers like, McGraw 
Hill, Marcel Dekker. Gulf Publishing Co.. Brooks/Cole publi¬ 
shing Co., and journals like Oil and Gas ; Trans of A.l.ChlC. for 
their generous cooperation in ijerniitling use of certain flata. 

hurther, I acknowledge my deep sense q/ gratitude to the 
Ministry of Petroleum, Chemicals and Fertilizers (G.O.I.), and 

former Assam Oil Com., for providing me with some useful 
information. 

There remains my pleasant duly to thank Mr. Raju Primlani, 
C^neral Editor of Oxford & IBll I^ublishing Oj., Calcutta, for 
his sincere efforts in bringing out this volume imder the series 
of IIT, Kharagpur—Oxford & IBH Series. 

^tiggestions to improve this volume are welcome. 


B. K. Bhaskara Rao 
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CHAPTER 1 


Origin, Formation and O^mposition of 

Petroleum 

1.1 Origin and Formation of Petroleum: 

Today, most of the countries in the world are importers 
of energy. The fossil fuels, accumulated over aeons of geological 
activity are irreversibly consumed at a rate more than miltitm 
times faster than th^r were formed. This has left us in a pre¬ 
carious position especially for petroleum and its products. The 
hike in price of petroleum and its products, both in national and 
international scenes is frequent for two simple reasons; the 
moimting demands and fast depletion of reserves. The import¬ 
ance of petroleum in present day civilization is ever increasing 
due to its unmatched contribution for our energy requiremeiKts, 
in lubrication and in petrodiemical held. Thus its competence to 
serve mankind is unquestionable and unique too. Sixty percent 
of the energy needs of the world are met by petxoleum. The 
advent “of T.C. and Jet engines have revolutionalised the tech¬ 
niques af motive power, a fact, without which the rumbilmg civi¬ 
lisation would have to contend with a snails-pace. Sudi a pre¬ 
mium stock of limited resources is fast depleting, perhaps due 
to indiscriminate and wanton consumption The important 
question today is how long can the reserves meet the demand 
even with sky high prices ? The high degree of conservation 
and restrictions in consumption may draw out the global re¬ 
serves to another century at the consumption rate of today. Then, 
what ? 

According to Mayer and Hboott “There is no dearth of 
petroleum and natural gas resources remaining in t)ie earth. As 
a matter of fact, there is no foreseen shortage of available sup- 
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I^ics by present technology until well into the next ccntury”.^^** 
Of course, every effort is made to locate new prospective fidds, 
and innovation in search of secondary recovery techniques to 
lift the oils from existing sources, and what are presently un¬ 
economical fields, is in progress. The controversies may be 
subdued by understanding the formation of petroleum, at least 
to some extent. Perhaps resources may not be the problem, 
but availability may be. 

1.1.1 Occurrence of Petroleum 

Petroleum occurs in the earth’s crust, in all possible states 
and varies in colour from light brown to dark brown or black, 
exhibiting luminescence in some cases. It is a mixture of 
various hydrocarbons, of homologous series namely paraffins, 
napthenes and aromatics. Thus the main elements are C (84- 
86%) and Hs (11-14%) and other elements Os, N 2 , S rarely 
constitute about 8%, including different metals in traces. 
Petroleum is more homogeneous than coal and occurs mostly 
in sedimoitary rocks. 

1.1.2 Origin and Formation 

Scientists till now are entangled with the problem of explain¬ 
ing successfully the origin and formation of huge hydrocarbon 
deposits and notably a sound theory has yet to be evc^ved. 
Mendeleeff and Berthelot, were caught up with the idea of 
explaining reasons for such deposits. Their explanation was 
based upon the inorganic reactions, mainly on the activity of 
acetylene series. S(xne carbides produce hydrocarbons when 
reacted with water, such as 

CaC2+2H,0-> CaH2+Ca(OH)3 

Al4Ca+12 HaO -►3CH4+4AI(0H)3 

k 

Assuming the availability of such carbides in earth’s crest, they 
lir^ved at this axiom; in fact, the deposits of such magnitudes 
oould never be balanced with these ideas. 

The cosmic hypothesis of V. D. Sokolov depicts that the 
liytdrocarboa vapdurs were already in cosmic clouds. Favourable 
e^ttknis leading to pred{Htation of these douds, rained hydro^ 
wludi were either adsenhed or entrapped in earth’s crest 
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A doctrine may possibily be explained if ever man comes across 
such giant deposits in a distant planet, where there happened to 
De no life at all. ^ 

Truly speaking, hydrocarbon vapours are present in certain 
planets. Hoyle cited the presence of hydrocarbons in the atmos¬ 
phere of Venus.* These hydrocarbons must be distinguished 
from the earthly deposits, as purely derived from inorganic mate¬ 
rials. Different and conflicting theories appeared in laige number 
to explain the formation of petroleum deposits. The inorganic 
basis of petroleum formation had to be given up in favour of 
organic theory due to the following observations and facts as 
enumerated by J. D. Haun^®: 

(a) The homologous series present in petroleum are found 
only in organic matters. 

(b) Nitrogen compounds in petroleum, especially plant 
derived porphyrins, comprise a very small amount but their signi- 
hnance is immense in the formation, of petroleum from life source* 

(c) The range of radio isotopes of carbon is within 

the ranges of natural Carbonaceous materials and not from inorga¬ 
nics, as they do not have any chance to absorb radioactivity. 

(d) Optical activity, a pre-requisite of natural organics, 
is exhibited by petroleum. 

(e) Petroleum formation is a result of low temperature 
activity only. 

(f) Petroleum is always associated with sedimentary rocks, 
(even recent formations too) and not with igneous rocks. 

(g) Small quantities of petroileum (hydrocarbons) in recent 
sediments su^st, that the formation of petroleum is normal, 
continuous and does not require any severe {^ysico-chenucal 
conditions. 

(h) Most organisms, like diatoms are found in petroleunL 
1.1.3 Organic Theories 

Bngler (1886) was of the opmion that the large marine 
animals, which dwelt c«i the globe in the pre-historic days were 
the main fat contributors. After the natural extinction of these 
manunolhs, the body fat was slowly ooiiyerted to hydiocarbons, 
as per his version. But the laboratory experiments revealed that 
the conversion of fat by hydrolysis yielM only adds and not 
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hydrocarbon gases. Further, surprisingily no oil well was ever 
sighted with any fossil remains of such animals. This is how 
the long flourished hopes of this naturaj. fat theory had to be 
given up. 

There are other .schools of thoughts concerning the origin 
and formation of petroleum ; some of which are listed below : 

Thomas-Graham (1843) was of the view that natural 
naphtha must be a pro<luct of action upon vegetable matter of 
high temperature. Chaptal (1845) was of the opinion, that when 
plants became entirely decomposed into vegetable moulds these 
contained certain oils which escaped <iecomposition. J. W. 
Drai>er (1846) suggested the action of natural heat of earth on 
coal. Popoff (1875) showed that methane could be produced 
by decomposition of cellulose. Hoppe-S^ler in 1886 showed 
that bacteria could produce methane, as is ever evident in swampy 
areas. Treibs (1934) discovered some of the plant pigments and 
biological matter in crudes ; micro-scopic organic remains found 
in crudes actually prompted API to launch a big project API 43 
to investigate thoroughly.^ 

A bright explanation by Mikhailovosky, N. Petering and 
N. C. Anderson seems to be near the goal. Accordingly, the 
source of petroleum was not a definite species of flora as initiat¬ 
ed by Engler, but the organic matter of sea oozes consisting of 
remains of plants and animal organisms. The initial decomposi¬ 
tion of the v^etablc and animal matter is a result of activity of 
microKM-ganisms ; later the organic matter underwent changes due 
to pressure and temperature of the crest of the earth. Emphas¬ 
izing the fact, Arkhagelskey, prophesied that petroleum took birth 
in argillaceous rocks enricl^ with organic matter and later 
nfiigrated and got stored in arenaceous rocks. The extension 
works of P. Trusk and G. Petrov in U.S.A. characterised the 
composition and content of organic matter in rocks of different 
ages. Controversies always flare up, one sdiool advocates— 
temperature—^pressure distillation or by tectonic stress. Anoither 
sdiool advocates as a biochemical process; yet another 
s^ it purely as a diemical or radioactivity reaction—and so on. 
How^^, biochemical^ theory has been received with some 
favour, as it is ooncemed with low temperature and pressure, 

bacteria of versatility. Thus it may be concluded that the 
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formation is a combination of physical and biological pro¬ 
cesses rather than individually. Petroleum formation^’®’ from 
organic mass may be expounded by two distinct processes 
nametly physical and biological. 

1.1.4 Physical methods 

It conjures all the parameters in an ideal reaction and 
depends upon the factors like: 

1. Heat. 2. Pressure 

3. Heat and pressure. 4. Catalysts 

5. Radio activity. 

1.1.5 Biological Methods 

All the biologic methods are governed by source and envi¬ 
ronments such as: 

1. By preservation of hydrocarbons synthesised by the 
source sediment organisms. 

2. Biological reduction (anerobic or aerobic) sources 
being: 

(a) Fatty acids, 

(b) Pioteins and amino acids, 

(c) Carbohydrates. 

3. Biological and Physical methods, such as 

(a) By oondoisation of bacterially produced methane 
under high pressure and temperature in presence of 
catalysts. 

fb) By bacterial modification of sediments, 

API 43—(A.B.C.) completely relates to the transformation of 
organic materiajl into petroleum. C. E. Zobell in his report of 
this project mentioned that conversion is genuinely a micro-bio¬ 
logical process.^® Bacteria, as described by Zobejll can survive in 
fact in all critical conditions, from 0° to 85®C, under extreme 
pressures upto 10,000 kg/cm* and also at well depths of 10,462 
metres.*® 

Laboratoiy tests confirmed that 'lipoclastic’ anaerobes have 
the capacity to spjlit long diain hydrocarbons to shorter dmins. 
Evidence in biogeneidty does not differentiate between vege* 
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table and animal source.” Close association of crude oil with 
marine remains suggests that it is from fish molluscs, lamelli'- 
branches, diatoms foraminiferae and other sea creatures, known 
iron their fossilised remains to have been present in immense 
quantities in ancient seas. Preponderance of petroleum known 
today is derived from ancient biological matter, particularly from 
lilttd rich lower marine plants such as pIankton®“. Terrestrial 
plants supply terpens, which suggests the phenomenon of atmos- 
I^eric volatilisation of vegetation. The nature of recent hydro¬ 
carbons found, does however support the biogenic origin; the 
main reason being the presence of odd carbon number. These 
matters are often referred as kerogens or mother substances for 
shale. 

According to Kenneth Kobe, petroleum results from a series 
of biochemical and chemical reactions which start with organic 
remains of dead micro organisms.® Bacteria are involved in first 
transformation of the constituents of decaying micrcu-organisms 
into hydrocarbons. 

Anerobic conditions keep porphyrins to remain in crude; if 
oxygen had been there these would have been decomposed.® 
Bacteria can also decompose organic matter to CO 2 , H 2 S, etc. 
Further, it is discovered that no bacteria can produce more than 
Cj-oompounds, thus Cn to C 14 compounds must have been formed 
from marine ilife as is evident from certain Gambian crudes.® 
Most organisms are found to generate petroleum in their meta¬ 
bolic processes too (M^er and Hocott). 

Crude oils found in the younger sedimentary deposits do 
in fact contain appreciable amounts of oxygen and nitrogen. 
This shows organic material as the source. McNab et al divid¬ 
ed crudes into three types depending upon the time of deposit^® 

Tertiary crudes 11X10®--74X10® years of age 
'.(Eocene oil) (asphaltic crudes) 

Mesozoicera oil 75X10®—200X10® years of age 
Paleozoic crudes : 200X10®—500X10® years of age 

(Parraffime Crudes) 

H 

and Frost concluded that the organic matter can 
be decomposed easily under the action of natural catalyst as 
w^U as bacteria.^' The evidence of bacteria in sedimentary 
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rocks is positive and the organics are initially decomposed to adds 
and gases (CH 4 ), till the activity of bacteria ceases due to 
frankensteinism. I. M. Gubkin demonstrated.that the formation 
of petroleum and gas from organics, scattered in argillaceous 
rocl^ was a local process and started really with accumulation 
of organic matter in sea oozes, be it the fats or carbohydrates. 
Apart from this, some scientists regard that the hydrogenation 
of carbon oxides results in-CH*-chains, which may be congenially 
taking place imder the catalytic activity of earth’s crest under 
favourabile conditions of ‘temperature and pressure. But this is 
only a derived literature thrusted to explain and can never matdi 
with the quantum of oil. Thus every new thought merely resuilts 
in more sterile addendum. The overall explanation hitherto may 
be summed up in two steps : firstly the acticm of bacteria in 
contributing the lighter fractions, secondily continuous catalytic 
action of earth at dqjths of 1-2 Km to yield heavier hydro¬ 
carbons. It is observed with the depth of mine and time of 
formation and storage, the API gravity of crude and paraliincity 
increase because of severity of reactions, winch is in full agree¬ 
ment with the above picture.®^"*' 

These are all possible natural reactions occuring over the 
ages, and petroleum hydrocarbons might have been formed by 
many processes and each (X>ntributing its own share, may be 
small. 

In conclusion, regarding the biologic origin of petroleum 
there need not be any doubt, because of the oil association with 
sediments containing a relatively large amount of organic matter, 
the presence of optically active compounds and complex sub¬ 
stances of obvious biological origin. Oil is also absent from 
formations having adequate traps and porous strata, but with¬ 
out any organic material. The formation is at low temperature, 
usually less than 200®C or even 100®C. The thermo|^ilic 
bacteria (bacteria that can survive at high t^perature) pla 3 rs 
the major role in conversion of this organic mass into liquid 
hydrocarbons. 

« 

1.9 Beserves and Deposits of World: 

There are very few parts of the world which are self 
sufficient in energy. USSR and Eastern Europe are largely 
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sufficient in energy and they never look for outside supplies of 
oil. Middle East, Africa, the major oil producers are exporters 
of huge energy, while Japan is a leading importer of energy, 
U.S.A. is also energy producing country, but its commitments 
have grown to such an extent, that it is now a major importer 
of energy. 

Petroleum deposits mainly occur in some elevated sections 
of porous sandy strata.^^ Sedimentary rocks accumulate in sea 
bed at a very slow rate. These layers over mvUions of years 
stratify under pressure and temperature and are transformed into 
metamorphic rocks, sand stones, marbles, etc. These are the 
basic reservoirs of gas and oil. Whenever fissures and disloca¬ 
tions in zones of earth occur, oil and gas reach surface and get 
burnt continuously by accidental fires like lightning, etc. and 
sometimes oil drains to nearby streams too. A false understand¬ 
ing prevails that volcanic eruptions are followed by huge quanti¬ 
ties of hydrocarbons. 

It is seen coal is more uniformly distributed throughout the 
world rather than oil; oil is scattered randomly and 80% of oil 
found to date occurs in what has been called oil-axis-pole.^^*** 
Gujlf Carribbean, Mesopotamian and Persian Gulf are such areas 
confined to depressions on earth’s crest. Initial migration of oil 
takes place during compaction of dense shales.^* Although the 
migration mechanism is not fully understood, evidently it is not 
effective, with ffie result, mudi oil is left in the formations. At 
present oil from such source is not economically recoverable. 

Bacteria in marine sediments may also cxjntribute to the 
liberation of oil from oil bearing materials in various ways. 
According to Stone and Zobell obvious import is the bacterial 
decomposition of organic complex in which ml is trapped.^* 
Secondly by dissolving carbonates or sulfates on which oil is 
absorb^ ly action of bacterial acids. Thirdly bacterial g^ses 
reduce the viscosity of oil. 

In Soviet Union, the South Caspein Basin, Ural-Volga Basin, 
and Western Siberian Basins are famous for hydrocarbon deposits 
whidi rank next only to Irano-Arabian Basin, the.richest in the 
world. 

Once the richest basin, Aspheron-^Peninsula has been ex- 
pjknted since hundred years. An idea can be had through 
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approximate records that oil extracted throughout the world 
till 1975 is about 43,000 MMT, a considerable amount of which 
was produced during 70’s only, 

Kuwait, a small country with 18% of world reserves held 
its 4thi position for a long lime in the production of oil after 
U,S.A., U.S.S.R. and Venezuela, but now Iran and Saudi Arabia 
have, surpassed Kuwait. Saudi Arabia is about 100 times bigger 
than Kuwait and is ranking next to Iran with lOMMbbls. per 
day. Kuwait is producing approximately 1.25MMbbls. per day. 

U.S. crudes are relatively less sulfur ones and make up 
about 7% of world reserves.^* Venezuela and African crudes of 
relatively low sulfur content constitute al>out 10% world oil 
reserves. African countries like Libya, Algeria and Nigeria 
account to about 300 million tones per annum. A characteristic 
feature of the oil wells near Middle East is high yields per well. 
Iraq and Iran are famous for such types of we^ls, which can 
produce even 10,000-20,000 tons per day per well. Thus near 
and Middle East countries with highest proven reserves of 70% 
of world's petroleum stock hqlds the control in the energy export. 

At present the trade is governed by OPEC* ; fortythree 
percent of world crude produced in 1972 was shared among the 
group members, whidi is very much true today also. 

1.2.1 World Reserves 

Several estimates of world hydrocarbon reserves were made 
by almbst all leading institutions and companies. As furnished 
by Weeks the estimates of proven reserves are 1,900X10^ bbls 
of oil against the estimates of Warman (British Petroleum Com¬ 
pany) 1,200 to 2,000X10® bbls. There is no congruency of 
expression in these reserves; one can judge by the following 
ultimate reserves as presented by Richard G. SieidP**, how the 
estimates once cited regularly change with better methods of 
surv^s and techniques. 


*OP£C : Organisation of Petroleum £xpc»hng Countries A 13 Mem¬ 
ber body consists of : 

(I) Algeria, (2) Iran, (3) Iraq, (4) Saudi Arabia, (5) Gabon, 
(6) Kuwait, (7) Eoquador, (8) Libya, (9) Indonesia, (10) Nigeria, 

(II) Qatar, (12) United Arab l^rats, (13) Venezula. 




10 


MODERN PETROLEUM REFINING PROCESSES 


1965 Hendricks 
1968 Shell Company 

1970 Moody 

1971 U.S. National 

Petroleum Council 

1972 Weeks (8th WPC, 

Proceedings 
2, P 99-106) 

1975 Whiting (recover- 
(Jan. 1st) able) 


2,480 X 10» bbls 
1,800 X 10» „ 

1,800 X 10» „ 

2,670 X 10» „ 

3,650 X 10» „ 

556.2 X 10® bb|ls and 
80 X 10^® CU.M. gas. 


1977 Harry Warmen^® 270 X 10® Tons of oil 

(Jan. 1st) (recoverable 
oil reserves) 

Gas equivailent to 55 X 10® ton of oil 


Total proven reserves as per Whiting goes upto 2,2000X10* 
bbls of oil and 250X10^® Cu.M. of gas ; of whidi 30% will be a 
offshore product and rest onshore. Cumulative oil production 
of world till January 1974, was put around 270X10® bbl oil and 
20X10^* Cu.M. of gas.“. 

Next to coal, natural gas reserves of 60 billion tons oil 
equivalent are highest in the world; with a proven to potential 
capacity of 30% for gas and 60% for oil, the chance of finding 
more amount of gas is always bright.®® 

John J. McKetta®® et al have presented the following data 
on the available energy of today (1980) and estimates of 
reserves of energy sources ; 

Available energy today : 
i^i>ssU Puels 

Oil < 570 X 10® bbls 

Natural gas 2,500 Exajoules 

Coal 637 X 10® 

Shale 30 gigatons 

Tar $ands 15.30 gigatons 

Nuclear Source 310 MW 
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Renewable Energy 
Geothermal 
Hydroelectric 
Solar 

World oil estimates 
Natural gas 

Of which undiscovered 

Coajl 

Of which known 

reserves 


132 MW 
5.7 Exajoules 
negligible 
240-260 gigatons 
10,500 Exajoules 
8,150 Exajoules 
10,125 billion tons 
637 billion tons 


Nuclear 

Uranium 3 Million tons 

Thorium 630 Thousand tons 

Additional undiscovered 80-280 Million tons 

Uranium 

Exajoule = 160 Million barrels 
Gigaton = Billion barrds 


At present the production of oil in the world is about 2300 
MMUl and gas over one trillion cubic meters, and is expected to 
reach a maximum producticm of 2700-2800 MMta of oil during 
this decade and likely to witness a drop in production by the end 
of this century to a quantity 2000 MMta. A further drop is 
likely by 2050 AD to about 1500 MMta. Long range predic* 
lions aTe unwarranted, due to the volatiile political situations and 
war clouds hanging on every part of the world. Perhaps time 
may not be kind enough to permit man to utilise the last tonne 
of oil due to man’s cupidity and insecurity prevailing on every 
part of the globe. 

Pears of impending oil shortage have raised hopes of find¬ 
ing huge deposits of oil even under deep oceans. The activity 
now-a-days is more confined to such areas. 

According to Klemrae there are 334 giant fields in 66 basins 
that contains 70-75% of oil. Indian subcontinent is placed in 
Type 4 basin (India and Assam) and. the costal be^t in pulled 
apart basins. 

Estimated sedimentary rodcs of the worild, by D. Ion and 
Hendricks is about 62X10^^ tons, which contain an organic 
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matter of 3.5X10'® tons, which in turn can yield a hydrocarbon 
content of 7.7X10'* tons.*’ 

1.8 Indian Petroleum Industry 

The world's petroleum industry dates back to first refinery 
of 5 bbl capacity at Pittusburg, started by Samuel Kier in 1855. 
Incidentally the first oil well was dug by Drake in August 1859 
at Titusville. Indian oil industry was not lagging very much 
at its incej^ion, as the first oil well was dug in 1866 and the 
first refinery started in 1893, Assam Oil Company’s refinery at 
Digboi was the only major refinery till 1954. People were 
under firm impression that there was no possibility of finding oil 
resources in India. International Oil Companies as a group had 
written off India, as a barren land where there was no possibility 
of oil being found, except in parts of Assam. The Government 
of India when it started the refineries on sea coasts it was based 
on the hope of getting oil from international market. Providence 
helped India to invite the Russian experts; accordingly in 1955,. 
a team of top geologists and oil experts arrived. Discreet 
surv^s made by the team showed promising areas. In a short 
time, the discovery of Cambay oil field (1958) followed by 
Ankaleswar, strengthened hopes and launched the collaboration 
between USSR and India, exposing all the designs of multina¬ 
tionals. With the Russian team under the leadership of Prof. 
Markevitch still assisting, there is every chance of putting India 
on to the world oil map. 

The birth of ONGC, discovery of new oil fields in eastern 
and western parts of country, had laid the major path for the 
country's progress on the oil front. 

Recent remarks cf Dr. R. Santoro, leader of Italian delega¬ 
tion shows that India shall emerge as a major oil produc'ng 
countiy in 10 years. 

Since 1949 to 1960 Standard Vacuum Oil Company alone 
explored the West Bengal basin and later jointly with Govern¬ 
ment of India, Till a year back, the major crude producing 
oouoems in India were Oil India Limited, Oil and Natural Gas 
Cbirnnission and Assam Oil Company. Now alA private sector 
industries are taken over by the Govemmmt. 

Real foundation of oil Industry in India took place during 
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the second Five Year plan (1956-61) when the Government of 
India launched a planned programme of exploration, production 
refining and distribution of oil. Acoordittgly ONGC took birth 
in August 1956 with assigned duties of exploration and produc¬ 
tion of oil, on-shore as well as offshore. Next to come into 
oil field was Oil India Limited a joint venture of Government 
of India and Burmah Oil Company (1956), which was given 
lease to explore and produce oil in North-Eastern parts of India. 

Indian Oil Corporation Ltd. floated in 1958 had come 
into existence with the objectives of procuring, processing of oiA 
and distribution. It has been divided into two wings as Refinery 
Wing and Marketing Division. The Refinery Wing takes care 
of procurement, processing and installing of new refineries, while 
the Marketing division takes all necessary steps to distribute the 
products to every comer of the country and export certain 
products. 

Compared to developed countries, like USA, where 30% of 
reserves were already consumed, the developing countries, parti • 
cularly India has a bright future. The maximum reserves of the 
country are put around 2462 million tonnes of oil and gas at 
843X10® cubic meters by ONGC. The discovery of Bombay 
High (1973) and Basseini area had brought a great relief to die 
Government. According to offshore project Director of Bombay 
High, Dr. Prasad the conservative estimates of oil is around 
700 MMt in Bombay High alone.^® This basin is a small part 
of approximately 140,000 sq. Kms. of the vast sea coast of India 
running about 6000 Km. By 1982, Bombay High alone shall be 
able to produce 12 MMta. High quality associated gas accom¬ 
panying this oil shall be about 4X10*cu. meters) per day. 
Perseverance of quest by ONGC has resulted in the discovery 
of oil deposits in another propitious ddta region, Godavari' basin 
and gas fields in Andamans, the estimates of which may surprise 
every one. The Mahanadi and delta areas of West Bengal are 
stijU in the process of exploration ; it is likely, as is evident from 
the report submitted to the United Nations Industrial Devdop- 
ment Organisation (UNIDO) that the sedimentary deposits of 
Bay of Bengal are unique in 20 Km. thick in comparison to 
16 Km. thick deposits of USA and these basins may yield un¬ 
expected quantities of oil. With Indian sedimentary region 
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covering more than a/million square kilometers, it may be possible 
to extract A biUion tons of oil and 2 trillion cubic meters of gas 
without even ooimting reserves of continental shelf. The present 
estimates in the offshore areas (Bombay High alone) is put 
around 2.5 billicm tons. 

Oil India Ltd. till now is credited with a production of 
50 MMt Further, it has undertaken to a more systematic and 
thorough exploration of sedimentary basins of Mahanadi and 
Bengal and other North-Eastern regions ; with these active plans. 
Oil India has formulated an ambitious plan to produce 60 MMta 
of crude by 2000 A.D, 

With recent finds of oi)l in Arunachal and Paradip area,. 
Oil India Ltd. is thinking of setting up a small refinery m 
Anmachal Pradesh to meet the demands of that area. 

India's offshore continental sjlope of 400,000 sq. kms and 
another 400,000 sq. km. continental shelf, with approximately 
one million sq. kms. of sedimentary area on iland, offer intelli¬ 
gibly a bright future and prospects to the oil industry.^* 

India’s offshore basins are expected to yield one billion tons 
of oil and 4 billion tons of gas; the offshore basins are listed 
below*': 


Kutch 

28,000 sq. kms. 

Saurastra 

32,000 „ 

Godavari 

32,760 „ 

Mahanadi 

12,040 „ 

Bengal 

28,280 „ 

Cauvery 

26,320 „ 

Andamans 

3,500 „ 

Kerala 

81,480 ., 

Bombay High 

1,40,000 


With the vigorous activities on the oil front a production of 
16 MMt. during 1981-82 is conceivable; however a gap of 15- 
16 MMt of oil as products has to be bridged by imports.** 
Crude production from ONGC wells will be stepped up from 
Hkt^pated level of 13.21 million tons this year to 17.51 millions 
disring 1982-83. Cooking gas production is also proposed to be 
tnlMd from about 75,000 cubic meters this year to 1.41 lakh 
oiiliii; meters next year. Bulk of tiie increased oil production in 
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the country 4uring next few years will come from Bombay 
Offshore areas. 

ONGC is planning to increase marginally crude productiott 
from present figure of 5.31 million tonnes to 5.41 mil|iion 
tonnes, during next year. In view of Bombay High production 
some of the wells in Gujarat may be plugged. 

It may be a paradoxical picture to mention, that per capita 
reserves of oil, in India are l/6th that of China or l/20th of 
USA, while coal reserves (176 tonnes per capita) are not at all 
ccmiparable with the above mentioned countries. This definitejly 
proves wrong those who think that coal reserves in the country 
are the answer to energy problems. 

The contemplations of Government to reach a target of 
100 MMta by next 20 years, if achieved wi|U perhaps make the 
country self suffident in oil production. With the set land mark 
of 10 MMta from Bombay High, already achieved very recently 
(1981) the indigenous production has shot upto 16.5 MMta; 
this necessitates a reduction of 1.5 MMta in crude imports in the 
comming year (1982-83). 

Crude would be imported into India from various sources 
during 1982 is like this 


Iraq 

— 3.5 MMt (additional 1.5 MMt over the 
existing contract) 

Venezuela 

— 0.5 „ 

Nigeria 

-0,5 „ 

Iran 

-9.8 „ 

USSR 

-2.5 „ 

Abudhabi 

- 1.0 „ 

Saudi Arabia 

2.5 .. 

Other countries that supplied crude to India during the last 
years 

Indonesia 

— 1.2 MMt/year 

Mexico 

-1.S „ 

Kuwait 

— 1.0 MMt (pnxlacts) 


USSR 


O.S-1.0 MMt. products 


The present output of refineries is about 30 MMta, with 
Mathura refinery already on trial runs. By the end of 4us decade 
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the refining target of 40MMta shalil be adiieved without any 
doubts. 

Some of the statistics on petroleum production and con¬ 
sumption are presented at the end of this diapter. The refining 
pattern of Indian refineries is also added to benefit the readers. 

The oil map of India (Fig. 1.1) shows the vast capabilities 
of our country in the offshore and onshore prospective areas. 

1.4 Composition of Petn^eum 

Petroleum occurs in nature in aill three possible states solid, 
liquid and gas. The liquid petroleum is usually coloured from 
dark brown to bluish black or black, exhibiting some times 
bloom or fluorescence, 'fhe semi-solid or solid petroleum is well 
known by the name pitch, usually black in colour. The famous 
pitch lake of Trinidad is an example of such vast deposits of petro¬ 
leum in solid state. Such kind of deposits are assumed to form 
after the evaporation or migration of lighter fractions. The gase¬ 
ous deposits of petroleum are known as natural gas deposits, 
where sometimes wild gasolines are also accompanied. Gas 
from condensate reservoirs contain a good portion of lighter 
fractions of a boiling point upto 30® C. Associated reserviors 
contain gas mainly in dissolved form in liquid petroleum. 

Although the composition of petroleum depends not very 
much on the origin of formation, but certainly change with the 
time of formation, storage and differ«it stratas through whidi 
it migrated. It is a homogeneous mixture of various hydro¬ 
carbons of saturates and ring-structures. The average ultimate 
composition of petroleum is mainly given in terms of consti¬ 
tuents of hydrocarbons, namely carbon and hydrogen as follows : 

Carbon : 84—86% 

Hydrogen 11—14% 

The other major elements of importance are sujlfur, oxygen and 
nitrogen. These elements in hydrocarbons are tmially treated 
as impurities because of their inherent properties like odour, 
colour corrosiveness etc. Generally these three elements oom- 
bined do not exceed 5% on an average. Exception to this state¬ 
ment can be traced in some Gulf crudes, Russian crudes and 



STHBOU 


ORIGIN, WCmUATiOft AND COMPOSITION OF FBntOLBUM 17 



2<4S-*155/1982) 


MODERN FETRmiBUM SEFINlNp FROCBSSES 

Mexican crudes. Ratwi (Neutral zone) contain as much as 5% 
of sulfur alone. Middle East and Gulf crudes contain upto 3%, 
compared to these, crudes from East possess very less amount 
of sulfur, examples being Indonesian, Indian, Nigerian, and 
Lityan crudes.** The crudes of U.K., like Beryl, contain upto 
0.5% sulfur. 

The bulk of petroleum is made up of hydrocarbons of 
saturated compounds like parallins, naphthenes and unsaturated 
cydic compounds mainly aromatics 

The highest carbon atom present in the crude is Cto* 
Further, except first few hydrocarbons, ajll other hydrocarbons 
exhibit isomerism. The general properties of these homologous 
series are discussed below: 

1.4.1 Paraffins 

is the general formula of paraffins. First three 
compounds are gases while compounds upto Cis are liquids and 
beyond that, they assume semisolid consistancy. Well beyond 
Cm assume shape of solid blocks, sometimes even crystajlline 
forms. There are number of isomeric compounds for eadi com¬ 
pound, profoundly differing in properties. For example, upto 
Cs no isomers are possible, C 4 exhibits only two isomers, as 
shown here : 

C 

I 

c-c-c-c c-c-c 

x-butane *-butane 

And C 5 exhibits three isomers. The number of isomers increases 
as the number of carbon atoms increase. CisHsg exhibits 802 
isomeric forms. 

1.4.1.1 GenetiU properties of paraffins 

Paraffins are stable, not attached by sulphuric add or other 
oxidising agents. However, paraffins of higher order > Cso are 
prone to oxidation. Even usual oxidising agents tike potassium 
pennangadafe can cause good amount of oxidation. The apti¬ 
tude to ootitribute the substituted products with hajbgens has 
magnified the petrochemical industry. Higher paraffins are very 
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much insoluble in wjater; though the lower ones are soluble in 
ethers and adcohols. (Fig. 1.2) 

Paraffins upto 3 carbon atoms have mclination to form 
hydrates such as CH 4 7HsO, C*H«.7HaO and these hydrates offer 
clog^ng and corrosion difficulties. Hence drying is essential 
before usage. 

The specific gravity of the series increases with molecular 
weight, still paraffins have less specific gravity and' boiling point 
than arcHnati'cs. Viscosity of paraffins is less but viscosity in¬ 
dex is high in contrast to aromatics. The snxrfce point of the 
paraffins is very high, with poor illuminating diaracteristics. The 
pour point of paraffins is usually high; due to this paraffin rich 
crudes and pronCucts bring difficulties m transporation and 
storage. 

Isomers differ from n-paraffins by hu'iving S|lightly low boil¬ 
ing points, low pour points, high viscosity and viscosity index. 
Usually i-paraffins, are more reactive than n-paraffins but bum 
like n-paraffins without much illuminaticm and smc^ng. 



Fig 12 Boiling points of first few alkanes alocAol and acids 


High molecular compounds (>€ 20 ) may be of saturated 
or unsaturated nature, decompose if exposed to a temperature of 
above 370®C. Vacuum distillatioii is essential for di stijU in g 
such boilirtg stocks to prevent them from thermal degtadation. 
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1.4.2 Unsaturates (Olefins and Properties) 

Olefins are represented by the general formula The 

first four are gases and upto Qs are Uqukls and b^ond are 
solids. The boiling points of olefins are generally lower by few 
degrees than the saturated compounds of the same carbon number. 
Chemically these differ very much from paraffins. They are easily 
attacked sulfuric acid and some of them even polymerize. Treat¬ 
ment with sulfuric acid and subsequent hydrolysis yields alcohols' 
(e.g. isopropyl alcohol) and with permagnate oxidation, glycols 
are formed. Unsaturated compounds like olefins, diolefins, in 
general, do not appear in crudes to measurable quantities, however 
are detected in some crudes. These unsaturates are mainly 
formed during cracking operations. The absence of unsaturates 
to a large extent can be best judged by the probable catal 3 dic 
activity of the earth's crest in converting unsaturates to saturates 
and ring structures. 

1.4.3 Acetylenes and Properties (Alkynes) 

The general formula for this series is CJH 2 „- 2 . These are 
isomeric with dldefins. Acetylenes yield crystalline compounds 
with ammonicatl solution of copper salts and are attacked sul¬ 
furic add. Acetylenes can be readily hydrogenated to give stable 
compounds. 

1.4.4 Diolefins 

These are represented by the formula C«H 2 *- 3 . Like other 
unsaturates, these are produced during cracking reactions. These 
can be distinguished from acetylenes as they do not form salts with 
ammoniacal solutions of copper salts. But with mercuric chloride 
these form precipitates and sulfuric acid polymerises these un¬ 
saturates. 

1.4.5 Naphthenes 

These are saturated ring compounds bearing the general 
formula CnH^n. The prominency of ring structure starts with 
five carbon atoms. Although Cg and Q ring structures,“ are in 
existence, their stability is decreased because of exoessilve strain 
(Bayer's Strain Theory). Naphthenes are isomerit widi ojefins 
l^t differ profoundly in properties. Naphthenes exihibit both the 



OEIGIN, FORMATION AND COMPOSITION OF PETROLEUM 21 


properties of saturated paraffins and unsaturated aromatics, the 
result of which, all the properties like sp. gravity, viscosity, pour 
point, thermal characteristics lie in between the two mentioned 
homojogues. Usually, all the ring structures are having branched 
chains, where the isomeric character predominantly occurs, 
followed positional isomerism in rings (Fig. 1.3). 

1.4.6 Aromatics 

The first and smaljiest of the anmiatics is benzene; other 
simple aromatics to follow are toluene, xylene, cumene etc. Even 
though benzene is unstaturated, yet it fqllows the principles of 
substitution with halogens rather than additicm. This is mainly 
due to symmetric grouping of closed ring structure and resonance. 

Aromatics are usually having high boiling points, low pour 
points (freezing points), high octane numbers, high viscosity and 
low viscosity index and these bum characteristically with a red 
flame with much soot. As these behave like saturates, they resist 
oxidation. In petroleum fractions aromatics beyond 3-ring 
structure (Anthracenes) are probably non-existent. Aromatics 
usually extend their presence from a temperature of 80° C onwards 
and well dominate iti lower middle cuts and heavy cuts. Actually 
the light aromatics (BTX) do not exceed even 5% of crudes of 
general nature. Bulk of the aromatics are with side chains and 
naphthmes and exist in heavier portion of crudes. 

1.4.7 Inorganics 

Sulfur compounds : Sulfur is found in most of the crudes 
in variable amounts. Generally sulfur compounds are present in 
more quantities in higher molecular weight stocks. Usuajlly the 
.sulfur content does not exceed 5%, however rare exemptions are ; 
Venezula (5.25%), California (USA 5.21%), Qaiyarah 
(Iraq— 7%') etc. crudes. 

Sulfur in crude occurs in different forms ilike free sulfur, 
hydrogen sulfide, mercaptans and thiophenes etc. These are 
frequently occuring compounds in almost all fraictions of the crude 
though to a different degree. Heavier fractions contain sulfides, 
polysulfides, sulphonates and sulphates. 

Sulfur occupies prominent position in refining due to its 
ominous problems of corrosion and odour. Pollution probtems 
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ALKANES (CnHgn.?) 


n-HEXANE 


H H H H H H 

I I t I I I 

H-C-C-C-C-C-C-H 

I i i III 

H H H H H H 


ISOMERS OfCs 

H C^Hs 

1 1 • 
H-C-C-H 

1 1 

H CsHs 







Fml 1.3 ol $t»ao organic ccmiiouods 
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Trioltfins 


Di>oe«tyl*n«s 



AROMATICS 


Bonztn* nrtfls 


Ntphtholtn* atrlM 

C|o Hs 


Oiocatyltnts 
H-CaC<-C« C-H 


ISOMERISM IN AROMATICS 


CHs 

CHs 

CH, 


X 

u 

(£> 

0CH, 


1f2. O'Xylrtt 

t 3 nvKyltn* 

p'xyltn* 

Ethyl Banztnt 



i 


Fm U (Con#.) 
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OLEFINS (CnH2n> 


o 

1 

o 

1 

o 

1 

o 

of-Butylene 

C— C » C — C 

- Butylene 

C— C - C 

t 

c 

V- Butylene 
(ISO-butylene) 


CYCLQ -PARAFFINS! Cn Hgn ^ 


0 

Cycto-hexane 

□ 

CycIo - butane 

a 

Cyclo- pentone 


OI-OLERNS! Cn H2n-2) 


CHa-C --CHa 

Allene 

CHa-CH.CH-CHa 

Oivinyl ( butadiene) 

CHj-CH.C.CH-CHa 

Isoprene ( 2 methyl * 
1,4 divinyl ) 

CHa»C.C - CH.CH, 

Piperlene 


ACETYLENE (CnHjn.z) 
» C C 


HC«C-CHi 

Methyl ocetylene or Propane-1 or Allyne 

CH|-C8C-CH» 

Crotonytene or Butylene-2 

C,H|-CWC-CH, 

Ethyl methyl acetylene or Pentyne-2 


FiG. 13 iCont) 
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Mcrcaptans 

Cn^n ♦ 1 

SH 



CiHsSH 

Ethyl mdreopton 




Sulphones 

RSOe 



CyHoSOi 

Hcptyl Sulphone 




Sulphides 

RaS 



(CHjIjS 

Dimethyl sulphide 




Oi Sulphides 

RjSj 



CHjS S CHs 

DimetKyl disulphide 




SulfoKides 





Dimethyl sulfoxide 


Thiophenes 




jj^CHj“S~C» Thiodeeyl thiophene 


Thiophanes 



Butyl thioeyclohexone 

5 


Sulphates 

(CnH2n4i)S04 ReSOe 


Thio benzols 

Sulphonates 

1^^’ H SOs 


Carbonyl Sulphide COS 


0-0 

Cyctopentyl- cyclohexyi stUptsde 

o-<= 

Thio cycto heptane 


Rok 1.3 (Cofit) 
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NITROGEN COMPOUNDS 


Carbozol* 

H 

Pyrole 

... 

U 

H 

Methyl Quinoline 

c-00 

Indoles 


Quinoline 

Ce Hr N 
CizHirN 

Ci3 H|8 N 

Ci 4 H19N 

C15 H|8 n 

Pyridine 

0 

PyrrotM 



Fm 1.3 (CoMl.) 
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OXYGEN (Nophthtnic Aci^f ) oMWatiiM 



CeHiiCOOH 

H<pta naphthenic 

C7H,3C00H 

Octo naphthenic 

CH-CH 

hc!L Jch 

t) 

Fur on 

Co 

Bonzo Furon 
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and following cost of waste treatment is punitive for alt 
refiners with high sulfur-stocks. However, refiners haMtuaUy 
remove more detrementajl sulfur compounds and leave the less 
hannful ones into the products, as seen in the case of suHfides 
converted to disulfides in gasolines. Some of the sulphonates are 
regarded as good emulsifiers and detergents, hence promptily 
extracted for use in cutting oils. Conspicuous effect of sulfur is 
reflected in increasing the density of crude. 

A correlation presented Obolentsev®® shows the influence of 
sulfur on gravity 

P =0.0087 (S%)*+0.0607 (S%)+0.7857 
at 20* 

Different crudes are presented in TaWe 1.1. It clearly shows 
the effect of sulfur on API gravity of crude and pour point of 
crude. All sulfur crudes mysteriously exhibit low pour points. 

Further, st^lfur containing residuums when cracked leaves 
cross linked structures, resembling the phenomenon of valcaniza- 
tion of rubber and offer perennial problems in desulfurisation. Its 
presence in different fractions compjlicates the refining and treat¬ 
ment methods. Yet another problem is, it desists the effects of 
additives. Sulfur in gasoline inevitably depresses the effect of 
lead and demands more amoimt of additive. When crude con¬ 
tains more than 0.5% S, it is denoted as high sulfur crude. 
A terse distinction, at this juncture between sour crudes and sid- 
fur crudes is desirable. Free hydrogen sulfide is available in some 
crudes, which naturally fosters corrosion. Such crudes are 
classified as sour crudes ; other sulfur bearing compotmds are not 
taken into this account. The crudes containing sulfur compounds 
other than hydrogen sulfide and exceeding 0.5 % are denoted as 
high sulfur crudes. 

1 . 4.8 Oxygen and Nitrogen 

Oxygen and nitrogen do not occur in free state either in 
crudes or in fractions. Nitrogen presence in free from is wd! 
known in natural gas only. Oxygen occurs as oxygenated com¬ 
pounds like phenols, cresols, naphthenic adds, sulphonates, sul¬ 
fates and sulfoxides. 

Nitrogen exists in the form of indoles, pyridines, quinolines 
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Table 1.1 


Effect of Sulfur on Gravity and Pour Point.** 


Crude 

API 

Pour 

Point 

•c 

Sulfur 96 

Csrrus (Iran) 

19.0 

-233 

3.48 

Iranian Heavy 

30.8 

-20.6 

1.6 

Kuwait 

31.2 

-17.8 

2.50 

North Slope (USA) 

26.8 

-206 

1.04 

Quatai Marine (Quatar) 

37.0 

- 3.9 

1.50 

Roraashkinskaya (USSR) 

32.6 

—28.9 

1.61 

Bassdn (India) 

38 45 

4-30 

0.15 

Nahorkatiya 

310 

4-30 

0.16 

Ankleshwar 

47.0 

4-15 

0.05 

Bombay High 

380 

4-30 

very low 

Aratnan (Light) (S. Arabia) 

33.4 

-34.4 

1.80 

Araluan (Heavy) (S. Arabia) 

28.2 

-344 

2.84 

Arjuna (Indonesia) 

37.7 

4-26.7 

0.12 

Bu Attifel (Libya) 

40.6 

4-39.0 

0.10 

Basrah (Iraq) 

33.9 

4-15.0 

2.05 

Brass (Nigeria) 

43.0 

-20.6 

0.08 

Darius (Iran) 

33.9 

-17.9 

2.4S 


and aminfes, usuajlly well below 2%. Nitrogen compounds 
exasperate problems in processing and stability of products. 
Catalyst deactivation or poisoning, gum formation are some of 
the offshoots of nitrogen. Nitrogen is present in two fonns, 
basic and non-basic. Basic‘S nitrogen is characterised by its 
titratability with perchloric adds, whereas nonbasic nitrc^ien is 
not titratable hence no possibility of extraction. Most of the 
nitrogen*^ pigments impart color to crude and fractions. The 
most interesting compounds of nitrogen are porphyrins. These 
are obtained from living organisms and preserv^ in petroleum. 
It stands to reason that aneorobic conditions were prevailing 
during petroleum formatbn; otherwise oxidation would have 
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destroyed them, Chloroj^yll** is also a complex of porphyrin^ 
where central atom is magnesium instead of nickel or vana^um 
or iron. Iron porphyrins are ailso known as heme, the 
oonstituents of red cell in the blood. 

Porphyrin *•»•* pigments are usually associated in compjex 
form with metals like, copper, iron, vanadium and nidcel. The 
proper understanding of these pigments*® may augment the 
knovdedge of origin and formation of petroleum. The follow¬ 
ing is an example of nitrogen complex ‘ 

Gravity API - 38.8 

Sulfur wt. % — 0.2—0.0% 

Vanadium ppm. — 0.5—2.5 

Nickel ppm. — 1.0—170 

Vanadyl porphyrin ppm. 0.7—1130 

Nickel porphyrin ppm. 1.0—390 

1.4.9 Asphalts, Resins and Bitumens 

Asphalts are high mojlecular weight complex molecules^ 
black in color, soluble preferabjiy in aromatic solvents and carbon 
disulphide. Resins are mostly compounds of highly condensed 
ring structures, containing oxygen, sulfur and nitrogen, some¬ 
times inorganics too. Though bitumen is a manufactured pro- 
diuct, it is essentially made up of three components, asphalts, 
resins and minerajl oil. These three components comprise a 
colloidal system; asphalts are suspended in oil and resins contri¬ 
bute to the stabiflity of the system, 

1.4.10 Less Inorganics 

The other elements present are nidcel, vanadium, iron, 
silica, sodium, magnesium, and halogens etc. Even though 
the analysis is not desirable as these metals hardly exceed 
0.01%, yet may be analysed for sensitive purposes. The 
ash formation is mainly due to these metals and inorganics. 
Scwnetimes organometallic compounds are available in cojlloida! 
fdnn. Inorganics always leave a marked influence on fractions^ 
fior eksmple halides may give off halogens during hydrolysis or 
thermal deoompositioni Corrosion, pollution, ash etc. are mainly 
ctmtrflwted by inorganics and the quality of crude and fractmns 
are alut^ys debased by these small amounts. 
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Table 12 (a) ahows scone statistics on completed Oil Wells during 1975 
in the world. ^ 

Table 1.2 (b) shows the World Primary Energy Consumption during 
1975. 

Table 12 (c) shows utilisation o£ natural gas and oil by different 
countries. 

Indian statistics on Oil and Gas reserves are shown in Table 1.3 (a). 

Production statistics of crude oil and natural gfas in India since 1960 to 
1981 are shown in Table 1.3 (b). 

Refining activity of Indian Refineries is shown in Table 13 (c). 

Different products, produced by Indian refineries is shown in Table 1.3 (d). 

Consumption pattern of petroleum products in India is presented in 
Table 1.3 (c). 

Refining capacity of the world and statistics crude and gas reserves and 
production ; of some countries are presented in Table 13 (f) & (g). 

Indian Refineries, Crude through put and various units arc shown m 
Tables 1.4 a, b & c. 

Table 1.5 shows the milestones in Indian Petroleum Industry 

Table 1.6 shows the properties of different crudes processed in India. 


Table —1.2(a) 

World Oil Well Complexions during 1975 


Country 

Oil 

Cms 

Dry 

Others 

Average 

Depth 

Metres 

N. America 
(Total.) 

17,449 

9,615 

14,404 

1,243 

1,407 

U.SA, 

16,626 

7,437 

13,203 

1,121 

1,451 

Venezula 

246 

6 

35 

96 

1,806 

Africa 

(Total) 

273 

14 

332 

151 

1,852 

Algeiia 

65 

10 

8 

20 

2,417 

Nigeria 

57 

— 

178 

111 

1,621 

Middle East 
(Total) 

409 

20 

140 

191 

2,330 

Iran 

95 

11 

29 

18 

2,775 

Iraq 

36 

— 

9 

— 

2,699 

Saudi AraUa 

101 

— 

16 

95 

2,135 

Asia (Total) 

576 

81 

358 

51 

1,691 

India 

90 

6 

19 

8 

2,l7l 

Indonesia 

410 

38 

145 

37 

1,283 

World 

(Total) 

20,089 

9,995 

16i047 

1,807 

1,472 


TABUS-12(b) 

Frihary ]&nsGY Cdnsuicftion Dusma 1975 




2,701.& l,10a3 1.889.1 373.1 82.7 6^155^ 


UmisATioN OF Natural Gas and Oil by different countries 



3 (4S-155/1983> 


(Source for TaUes 12(a)y (b) & (c) & 13a to 13c Oil Statistics (1975 & 1976) ; Petroleum Infonnati<xi Service, 

New Delhi) 


Table— l^(a) 

On. AMO Gas Reserves (India) 
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*As ca 1st January of each year. 
©Proved and indicated balance recoveraUe 



Table— l^(b) 

PaoDucnoN of Crude Oil akd Natural Gas 
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Grand Total 448 

(a44>) 3473 6822 8448 11633 11768 10503 



Tabi£ 1.3b (Contd.) 
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Not Avsulable 


Thkoughput (’000 Tonnes) 
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PsoDucnoN (’000 T 
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Table— U(c) 

Consumption of Petroleum Pmjducts 


1* 



FORMATION AND 


COMPOSITION OF 


PETROLEUM 
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Table— 1.3tf) 

ReVININO CAPAOtY HT the WORLD 
(ag on 1st Jan,, 1973) 


U.S.A. 

Other Western 
Hemisphere 
Countries 
Western Europe 
Soviet Union 
& 

Eastern Europe 
Africa 
Middle East 
Asia & Far East 

World Total 


16« BPCD 
13M 

8.07 

17.42 

7.79 

0.86 

270 

7.88 

58.18 


(Source : United Nations : Statistical Year Book 1973) 

pp. 273 (1974) 


Table— 1.3(g) 

Crude reserves and Production in 1975 

World Crude reserves : 79,277X10^ Tonnes 
(Proved and recoverable economically) 

WorJd Crude production during 1975 : 2646.29X10^ Tonnes 

Some countries production figures 


Reserves 

Production 

Saudi Arabia 

15,168 X (10* Ton) 

3S2.394X(10^ Ton) 

Kuwait 

10,151 

105.232 

Iran 

9,084 

267.623 

U.S.S.R. 

8,149 

495.00 

India 

141 

&283 



Natural Gas 


Wo#ld deposits 

69,841 X lOP euWe metres 



Reserves 

Production 


(X 10* cubic metres) 

(Teracalories 



equivalent) 

US5,Il. 

20,105 

2831,000 

XXSA. 

6,462 

4946^534 

Him 

10,613 

205,240 


88 

8,508 


(Sooroe i U^vmn Katkirs : Statistical Year B<M)k 19715, p. 178^179) 






Table lj4(a) 

Ikiha Refinebies and Cxaceing Practice 



DiDa/q/iyVia/B/L 2.8 5950 (C) 2158* R 31,820 HDT 

6460 (Vis) 



Table 1.4a {CoiUd.) 
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: Petroleum Times 8th March 1974, *OU & Gas. J. Dec 27, 1976, p. 149 


Table— 1.4(b) 

PbOCESS used by various Lunc UNITS 
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K. K. Bhattacharya 
B. S. Gtilati 
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Tablb 1.5 

A Vista of Indian PstsoLEUK iNDUsntY 


1866 First oil well, Nahorpung (Assam) 

1890 Discovery of Digboi oil field 

1893 Refinery at Merghcrita 

1899 A O C. Registration 

1923 First geophysical survey by AO.C 

1953 Discovery of Nahorkaliya field 

1954 ESSO £stabh«hmcnt 

1955 Bui mail Shell 

1956 (August) ONGC was set up 

1957 C:altcx 


1958 (18th February) OI.L India 


1959 

1960 

1961 

1961 

1962 

1962 

1963 

1963 

1964 
1964 

1964 (Sept) 

1965 

1966 

1968 

1969 

1970 (Feb) 

1972 (Jan.) 

1973 , 

1973 

1973 

1974 
1974 
1974 
1976 

1976 (May) 


Lumej field 

Ankaleswar Oil field 1960—IIP. Dehra Dun 
Discovery of Rudrasagar 
Gas field Kalol 

Noonmathi Refinery (Ruiranian G>lIaboration) 

Gas field, Sonand 
Nawagam field 

Crude Oil produced by O.I.L 
Lakwa Oil field 

Barauni Refinery (Soviet Collaboralion) 

Establishment of I.O C 

Koyali Refinery (Soviet collaboration) 

Cochin Refinery (Phillips Petroleum) 

C^lki OU field 

Madras Refinery (National Iranian and AMOCO) 

Lube India Refinery foundation 

Bongaugon Refinery & Petrochemical Complex foundation 
Haldia Refinery (French & Soviet) 

Acqusition of jack up rig Sugar Samrat 
ONGC entered into agreement with Iraq for exploration 
in southern parts of Iraq. 

Bombay High Discovery, Haldia Trial runs. 

Oil found in Bombay High. 

Taking over ESSO by GO.I, 

Discovery of Bassein, near Bombay High 
Cxxnmercial production of oil from Bombay High two 
wells. 


1976 

1978 

1978 

1980 (Sept.) 

1981 (Sept.) 

1982 

1982 (August) 


Baramura gas field, Tripura 
Mathura Refinery foundation 
Mahim gas fidd at Bombay 
Oil struck ifi (Jodavari delta 
(Offshore one wdl & on shore two wells near Narsapur) 
Take over of Burtnah Oil ft A.O.C by Govemment of 
India 

Kharsang, Oil field (Oil Ltd.) Anmachal 
First LKG plant. Ditliajaii 
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Salt contaA NaO wt % 



Table 1.6 {Contd ) 
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. Sailoa, D. Chanda, et aL 

lings <rf Sympootini on Lubricants—^Additives—Waxes & Petroleam Spedalit^r prodxKts 

Nw. 22-23 ; 1978 I.I.T. Bomlsty 
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Chapter 2 


Petroleum Processing Data 

2tl Evahiatiion ol Petroleiim 

Petiolemn is classified into mainly three congenial types as: 

1. Paraiiinic base 

2. Mixed base or Intermediate and 

3. Naphthenic base. 

Some authors have referred to the naphthenic base as 
asphaltic base. The name naphthenic is more convincing as it 
represents the homologous series whereas asphalt i*s a polymeric 
condensed materiajl having very high carbon to hydrogen ratio 
of no equable nature of general formula. Although the cato- 
gerisation into these three types may not be very accurate and 
brief, it serves, without any reservations the purpose. Knowledge 
of base of a crude is very essential as it depicts, even though not 
fully the usual properties enmass and can adequately inform the 
refiners about the difficulties in processing too. 

Irrespective of the base of the crude aljl the hydrocarbon 
series listed in Chapter 1 are present in all crudes, but to different 
extents. 

Mallison classified the crude exclusively on the basis of resi¬ 
duum, a material left behind after distillation of fractions. 
Accordingly: 

Residue containing more than 5% paraffins is paraffinic 
crude 

Residue containing less than 2% paraffins is naphthenic 
base 

Reridue containing 2%^5% paraffins is considered as 
mixed base 

Hie proper method of evaluation ol crude started with U.S< 
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Bureau of Mines, which designated eight different bases of 
crude. The basis of olassificatbn begins with two chosen 
fractions, Key fraction No. 1 and Key fraction No. 2 as given 
bejow : 

fraction No, 1 (kerosene) has a boiling range of 250®C- 
275®C at noitnal pressure 

fraction No. 2 (Lube) has a boiling range of 275°C-300®C 
at a pressure of 40 nun Hg; i.e. 389°C-422®C at 760 mm 
pressure 

The API gravities of these fractions are found out and the base 
of crude then characterised as 

When Key fraction No. 1 has : 40 or more API gravity it is 
paraffinic less than 33 API gravity, it is naphthenic and 
in the range of 33-40 API gravity, it is mixed base.' 
When Kty fraction No. 2 has: 30 or more API gravity then it 
is paraffinic; less than 20 API gravity it is naphthenic 
and between 20-30 API gravity it is mixed base. 

Above distinct qlassihcation dispels any ambiguity or dissension, 
however in the case of mixed base crudes, the nearness to extre¬ 
mities is mentioned for avoiding any moots. Say a fraction 
No. 1 of a crude is having 39 API, this without any doubt, is 
mixed base but more oriented towards paraffinicity rather than 
naphthenicity. Similarly an API 33.3 is not only mixed base 
but tilted towards naphthenic nature rather than paraffinic 
nature. In such cases it is judicious to use (for the ab^ frac- 
tions‘ as) mixed base (paraffin), mixed base (naphthene) 
respectively. 

In case of key fraction No. 2, often wax on wax free term i^ 
proposed. If the pour point is less than 3°C, for this fraction 
then the base is followed by the *Wax free’ term; otherwise it 
is followed with subscript ‘waxy’. 

Earlier days, classification based on the location of crude wa$> 
habitual such as Pensylvania crudes classified as paraffinic base 
and Gulf coast crudes as naphthenics. These ideas need not be 
any more entertained, as location or formation can never give 
the idea of crude. Some crudes rich in aromatic series were also 
classified as aromatic crudes or benzenoid base crudes. As sid 
naphthenic crudes give plentiful aromatics such formal dassifica* 
tidas need not be attended. 
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API (Aniiericaii Petioleum Institute) gravity: This is 
defined as : 

Deg. API=*%5_131.S (2.1) 

P 

where, p * sp. gravity of fraction at 15.6°C/15.6®C 
API gravity magnifies the sp. gravity of fractions. As the sp. 
gravity of 4ose boiling cuts usually lies very close to each other, 
this type of magnification is essential. For a blend, the API 
gravity is given as : 

(API)«gi,= (API)aXH^a+(API)»XPF6 + 

(APl)cXWc+ .... ( 2 . 2 ) 
Thus API gravity of a mixture is equal to the sum of the indivi¬ 
dual API gravity of a component multipjlied by corresponding 
weight fraction in the mixture. 

2,1.1. UO.P. Characterisation factor (K)^ 

Characterisation factor is of immense utility in refinery cal¬ 
culations. Besides it has got capacity to predict the qua|lities 
of crude, it can also provide with many valuable data on fractions. 
API gravity and molecujlar weight as other parameters, it can 
give almost all necessaiy information about the fraction, right 
from physical properties to tendency of cracking. 

The relation is given by 

(2.3(a) 

(Original K factor was formulated on and p at 6Q°F.) 
where R = average boiling point 

p = sp. gravity at 15.6°/15.6°C 

For paraffinic base of cru^ oil K is 12.5 and above, and if 
it is less than or equal to 10, the base of the crude is denoted as 
naphthenic. For a fraction, usually average boiling point wUjl coin¬ 
cide with 50% boUing point when Eng^ slope is less than 3. 
Vyaston and Nelson rq>lac6d the term average boijiing point by 
mojl^l average boiling point;, but retaining the index values for 
dimctisrisation purpo^. Moial average taking point is 
tW|!tdr $wted for a wide boiling fraction mth a slope more than 
*3* in distiUation. 

If the clntractenstion factor is 12.5, the tru^de if eWfied 
as pansfifin hase and less than 10, is said Ip he n^^ithmic base. 
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Intennediate values are n^rded as mixed base crudes. /C'^value 
of a mixture is the sum of the components va|lue multiplied 
thdr weight fractions in mixture. 

K^u, “ (2.3(b)) 

where, Wi, fVa, IV 9 are weight fractions of different components, 
Kj, Kf, Ka are respective characterisation factors. 

2.1.2 COBRELATIOlf INDEX 

Like characterisation factor correlation index is ajlso related 
tjo boiling point and gravity, however its use is marginajl: 

Correlation Index (C. +473.7 p^456.8 2.4 

where Tb = boiling point (molal)®/C 

p = sp. gravity at 15.6°C/15.6®C 
Correlation index for paraffins is taken as zero and for aromatics, 
it is taken as 100. The value is not quantitative hence a relative 
indication of the groups is only possible. 

2.1.3 Distilation characteristics 
Crude Ass{ty analysis 

Distillation c^racteristics of a crude are assessed by perfor¬ 
ming a preliminary distillation called True Boiling Point’ 
analysis (TBP). This pulse test enlightens the refiners with 
all possible information regarding the peicentage quantum of 
fractions, base of crude and the possible difficulties beset during 
treatment operations etc. Information supplied by this disti]jla" 
tion forms the basis of design of distillation columns and! thus 
rei^esents the veridity of crude distiilation. 

TBP Apparatus 

Pursuits for development of such kind of stills were left with 
Peters, Podbielniak stills. A less costly laboratory still with proper 
adjustments ai\d oontrc^s may also be tried, when situation 
demands. A thorough rectification system ocaisUtudng 10 to 12 
stages forms the operation. Modm stills are instituted to 
distill at least 2 liters of stock per charge. Larger capacities are 
prefyable as good, amounts of higher boiling stodts can be ob¬ 
tained! for testing. Heat losses in industrial opetations are 
managed by lagging, but itt such small stills hot air rirculatioa 
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through the jacket, surrounding the rectifier section, ensures the 
minimum thermal losses. Top ot rectifier is usually fitted with 
an efficient air cooled reflux condenser, which also indicates the 
temperature of the fraction leaving for the condenser system. 

The condensate collects into a graduated qrlinder, which is 
in fact connected to a vacuum producing device. The vacuum 
device must have sufficient displacement capacity to ensure satis- 
factoiy operation. For this reason, a displacement of 0.2 to 0.5 
cubic meters of air or vapor is required for stills of capacity 2 to 
5 liters. It is also essential that distillation proceeds at a constant 
rate. Too high a rate results in flooding and lower rates 
produce imperfect fractionation. Observations have revealed 
that rate of distillation in the beginning is very high, but the 
rate of distillation decreases with increasing boiling point of the 
stock. Hence a careful heating and condensation system is 
required. A good rate of distillation prescribed for atmospheric 
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operation is 1% distillation in 2 minutes and under vacuum it 
drops to 1% in 3 to 5 minutes* Further, the system in no way 
should suffer while removing the condensate during vacuum 
distillation. 

The necessity of vacuum distillation is mainly to prevent the 
thermal degradation of high boiling stocks. The high boiling— 
stocks are' prone to cradc when exposed to a temperature of 
370°C or more. "Vacuum distillation reduces the boiling 
point of the fraction, and for every pressure there is a definite 
boiling point. These boiling points obtained under the exposed 
pressures or vacutim should be corrected back to the normal 
pressure (760 mm) operation. 

A sketch of the TBP apparatus is furnished in Fig. 2.1 

Boiling point corresponding to a particular pressure can be 
converted to normal boiling point with the help of Fig. 2.2(a). 
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BOIL I NG POINT Vs . PRESSURE, 


Fia 2.2(a) Boiling Point Vf. Pressure 


Taken from Petroieum Refinery Engineering 
W. L. Nelson (c) 

Used with file permisdon of fixe McChaw Hill Book Comp. 


Twi^fralurt 
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I5!gs 2.2(b) and (c) are usefnl when veiy high pressures or low 
pressures are involved. 



10 20 30 40 $0 607080 100 200 300 400 $00 700 


Vopwr prtscura, mm( mtrcury) 

Fia 2.2(b) Normal Boiling Point Variaticm 
at Low Pressure 
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The data coUected are usually presented in the gra^^cal form 
as shown in Fig. 2.3 and goes by the name TQP curve. 



Fig. 23 TBP Glide Assay Curve 
. Curve a =: Temperature Vs. Volume 
b=: Sulfur Vs Volume 
c=: Gravity Vs. mid percent 

2.1.3.1 Equilibrium Flash Vaporisation (EFV) : 

While in ocaitinuous fractionation system such as JBP, 
always a thorough contact between vapor and liquid exists j in 
equilibrium flash vaporisation, vapor is kept ccdiesively with 
liquid at some temperature and a sudden release of pressure 
quickly flashes or separates the vapor from the mixture without 
any rectification. By successive flash evaporations like this the 
stock can be progressively distilled at different increasing tem¬ 
peratures. Riqieriinentally this type of dtstillatkin may not be 
suggested as iiitemnirversi^ from one type of distillation (say 
TBP to EFV) to otiter is always available. 
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2.1.3.2 Engler distUkOion : (ASTM-]>86) 

It is also known as ASTM distillation and' is supposed to be 
like £FV, a nonfractionating distillati<m system, distinguishing 
itself as differential distillaticm. All fractions are spedfied by 
this distillation only. It is a simple distillation carried out with 
standard ASTM flasks of 100, 200, 500 ml capacity. The data 
obtained is similar to TBP data and interconvertability is resorted 
wherever essential. 


2.1.3.3 Hitmpel DisHllation 

Information about this in modem literature is not abundant, 
it is considered as a semi-fractionating type of distillation like 
Saybolt’s, Where TBP data is insuffident, this can be used, 
as it nears the TBP characteristics of distdlation. 


Different* types of boiling 
Average boiling point 

1. Volume average 

2. Weight average 

3. Molal average 

4. Mean average 

5. Cubic average 


points and functional values 

Physical property for which it is 
distinct 

Use for liquid viscosity, spedfle 
gravity 

Critical temperature 

Characterisation factor, thermal 
expansion of liquids 
Molecular weight, sp. gravity 
Heat of combustion, sp. heat, etc. 
For additive properties; visco¬ 
sities are additive when expressed 
on cubic average 


2.1.4 Average boiling points 

Because of a fraction boiling regularly or haphazardly over 8 
tndde range, it is essential to represent boiling point of the 
fraction some method, which can spedfically denote certain 
pih 3 rsical properties. For narrow boiling cuts (TBP slope less 
th^ 2) all the above mentioned boiling points tend to be equal. 

Volume average boiling point is based upon the boiling tem¬ 
perature of different cuts of the fraction. Usually cuts are 
dtosen at regular intervals. 
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Thus for whole crude, it may be represented as : 
(Volume average BP) 



(2.5a) 

If such data is not available then it may be defined as 

(Volume average BP) T,=(2.SJ) 

where all percentages are in volumes. 

If the fraction is boiling over a narrow range of temperature 
then t6i% may be accepted as average boiling pcnnt. 

(t].o% means the temperature indicated when exactly 10 % 
of the stodc is collected during distillation.) 

Weight average; In this case instead of ,volume, weight frac¬ 
tion is chosen for evaluating boiling point. Thus 

(Wdght average BP) (2.6) 

where percentage calcmlations are based on weight. 

Molal average ; This is based upon boiling temperatures at 
different mole fractions. It is no doubt a perilious job as deter¬ 
mination of molecular weight for each cut is not practiced. 

(Molal average) T(2.7) 

where Xi, Xg, Xg are mole fractions. 

fu h corresponding boiling points. 

Mean average : This is the temperature at which some ph 3 rsical 
properties like specific heat, specific gravity etc. of a fracdon 
are found out by taking the mean of temperature levds: 
sp.heat at temp. and 

average sp. heat at 

Mean average and average boiling point coincide for a blend of 
two components and these are related to TBP slopes as shown 
in Fig. 2.6 a and b. 






tttMMwwtffTu vwfid'fli'/s vttrMinMRtuS 


Cubic average; Sottie properties like viscosity seen to be 
additive wben cubic average is taken into consideratim, rather 
than mean average, or molal average thus, 

(cubic average) Tb^[ ]* (2-8) 

All these boiling points are intcrconvertable, 

Interoonvertability of boiling points can be worked out 
knowing the slope of distillation curve of a fraction. The method 
of finding out the slope for ASTM/TBP/EFV is the same. 

TBP slope is given as i.e, °f/perccnt ; where 

70% and 10% are volumetric boiling points on vaporizatim curve. 
The oonversion of TBP slope to ASTM or EFV slope can be 
done with the help of Figs. 2.4 or 2.5 (a) and (b). Fifty percent 



tBP Sleet /ptresnt 

fta 2.4 Difierent Slopes sikI lutereotwersiion. 
(By cportesy Oil sad Ckts louma}) 



%offotinteiBicti6A . 

tetwn flash oiitf Slopeot flash curve. X /percent off 

TB P curves 
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Slope of TBP curve,*C/percent off 
ot 760 mm 



0 112 2 24 3 36 4 46 5 60 6 72 

Slope of T B P curve, ^C/percent off 
ot 760 m m 


Fig 25(a) ASTM—Flash Slope Interoonversion and 
their Intersection points 
From American Petroleum Refining 
By H S BeU (3rd Edition) 

With pefimisston from Brooks/Cble PuUishlng Co. 
Owners of Van Nostrand Company 





• «Sf 1.12 1.9t 2.2i 2.10 Mt 3.92 4.99 144 9.99 949 
SlOK OF 19% OBTlUAfiail M nt/V.QFF aT 290 min 


Pio 2.5(b) TBP—Flash Slope. 
Interooni'versions and their Intersection Points 
(From American Petroleum Refining By H S. Bell 
3rd Edition. With Permission from Brooko/Cole 
Publishing G>. 

OMmers of Van Nostrand Company) 
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boiling points of ASTM curves can be calculated by knowing the 
Slope of TBP curve of a crude and its 50% boiling 
point*. The ooircction factor is incorporated in Tabid 2.1. 
Similarly from ASTM or TBP slopes, EFV 50% boiling point 
can be found out from Fig. 2.6(a). 



FIg. 2,6 (a) Relation Between 50% Boiling Points 
(Taken from Petroleum Refinery Distillation R. N. Watkins 
2nd Edition Copy Right 1979, by Gulf Publishing Co. 
Houston, Texas) 
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Take 2.1 

Rslatxoh bbtwbbn 50% Boiling idikt or ASTM and TBP 


Cometioa to be a44l^ to TBP 50% BP 
TBP TBP Slopes 

50% BP 1 3 5 7 9 


"C 

378 

-2.8 

-9.5 




93.3 

-1.2 

-33 

-67 

—- 


119 

—0.56 

--17 

-32 

-134 

-250 

204 

-fO.56 

+12 

—12 

-9.0 

-17.0 

260 

-f-12 

+22 

+1.3 

- 4.06 

—100 

315.5 

+2.2 

+50 

+3.3 

- 0.56 

- 56 

371 


7.8 

+83 

+ 5.6 

+ 056 

428 



+117 

11.0 

9.0 


Slopes of different boiling point curves are also easily intercon* 
vertable and Figs. 2.4 and 2.5 (a, b) help in such conversions. 


2.1.4,1 BoHmg point—pressure 

Under equilibrium, for every liquid there is a definite vapor 
pressure for a definite temperature and the vapour pressure 
increases with increase of temperature and vice-versa; though not 
linearly. Interestingly when vapour pressure and temperature are 
plotted on a semi-log paper, a straight line relation is revealed, 
this rdationship although may change from groups to groups like 
alcohols, ketones, paraiSins, aromatics etc. it follows in case of 
hydrocarbon groups without any exception. 

Qaussius-Clap^ron equation can also be used where there 
is data available, on latent heat of vaporization 

In (UTo-HT) ™ (2.9) 

where, Po, P are vapour pressure at T absolute temperatures 
A B molal latent heat of vaporization at T 
i? a: gas constant in correspcmding uhiis 
Relations of Cox, Peny,” Meyer,* are worth mentioning in 
otetnectton. The boiling points at high and low pressures are 
elm miJafale in literature;^ Qaiversion. of boiling poin( at one 
ptemce^ to another can be done with the help ol Fig* 22(b)& (c), 
as shown already. 
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Problem 2.1 

Use the following data of a crude; Trinidad blend, to {dot 
crude assay curves. Assess the quality of trude and various 
fractions. 

Trinidad blend 

Whole crude Gravity ®AP1 33.6 (0.8570) 

Sulfur, wt. % 0.23 

Pour point, +14 

Viscosity (SUS) at 20 °C 47 

at 56 °C 38 

C 4 and lighter, vol. % 0.58 


Light straight run 

Range. TBP®C 

Cb-93 


Yield, vol. % 

3.28 


Gravity, ®API 

69.6 (0.7035) 


Sulfur, wt. % 

0.01 


Motor octane, dear 

732 

Catreformer feed 

Range, TBP,®C 

93-175.0 

r 

Yield, vol. % 

11.71 


Gravity, °API 

46.9 (0.7932) 


Sulfur, wt. % 

0.20 


Arom+naph, vol. % 

69.7 

Heater-oil ^*ist. 

Range, TBP, 

175.0-286 


Yidd, vol. % 

30.51 


Grarity, “API 

34.8 (OB508) 


Sulfur, wt. % 

0.10 


Blend pour pt. ®C 

1 


Cetane index 

402 

Fumace-oil dist. 

Range, TBP, “C 

286-325 


Yidd vol. % 

13.69 


Gravity “API 

3U (0.8692) 


Sulfuf, wt % 

0.20 


Blend pour pt 

5 


Cetane index 

48.5 


5<4$«-155/l962) 
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Light FCU feed 

Range, TBP, 

325 -365 

Yield, vd. % 

9.05 


Gravity, <»API 

29.0 (0.8816) 


Sulfur, wt. % 

0.32 


CA, wt. % 

12.5 


Nitrogen, wt. % 

0.024 

Heavy FCU feed 

Range, TBP, 

365 - 542 


Yield, vol. % 

26.97 


Gravity, ®API 

28.1 (0.8865) 


Sulfur, wt. % 

0.37 


CA* wt. % 

12.2 


Nitrogen, wt. % 

0.038 


Equiv. nidcel. ppm 

0.1 

Reduced crude 

Range, TBP, ®C 

542+ 


Yield, vol. % 

4.22 


Gravity, °API 

20.0 (0.9340) 


Sulfur, wt. % 

0.89 


Rams, car, wt. % 

4.8 


V+Ni, ppm 

10 


* CA% s Aromatics 


SolFig. 2.1 shows the TBP characteristic curves of the crude. 

Qose observation reveals the following : 

1. Sulfur and sp. gravi'ty increases regularly from low boiling 
fractions to high boiling fractions. It can be treated as a 
low sulfur-crude (0.23% sulfur on whde crude basis) ; 
however desulfurisation is recommended for fractions 
(especially catalytic reforming feed stocks). Gravity shows 
that it is of mixed base origin, atthoun^ confirmation is 
essential. 

2. Fifty percent of the crude can be distilled below 300®C, it 
shows that the crude is dominant in lighter fractions. It is a 
sotmee of gasoline of quality and quantity and may be uti¬ 
lised even without desulfurisiMaon. Good solvent of end point 
186^ can also be obtained. 
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3, Diesel fuels or heating dils (upto 350^C) form the matti 
products (up to 40%). Diesds are of ^oixl quality (cetane 
no. 40) and pour point is also convenient for regular usages 
4. Vacuum distillation is expected to separate the catalyths 
cracking feed stock usually known as gas oil. The residue 
from the vacuum distillation column may be utilised as bitu¬ 
men rather than for coking operations, as it contains less 
carbon residue it may not g^ve good quantity of coke. 

Problem 2.2 

Use the TBP data of the above problem and find out TBP, 
ASTM, EFV slopes. 

Solution : 

TBP slope is found out by knowing the temperatures of 
distillation at 70% and 10% (Fig. 2.1) off. 

TBP slope « 255^11® = 3.61*C/per cent 

With the help of Fig. 2.4 slope of TBP is converted to 
ASTM i.e. 3.06®C/p6r cent. Similarly Fig. 2.4 gives slope of 
TBP to slope of EFV i.e, 2.1®C/per cent or Fig. 2.5 a & b am- 
also helpful. 

Problem 23 

Find the percentage intersection of TBP and ASTM & TBP* 
and EFV from the data of problem 2.1. 

Solution : 

Firstfy the 50% BP on TBP curve is found out as equal to< 
302°C. TBP slope is given (from above problem). 

From Fig. 2.5 (a) the 50% B.P. and slope of the curve will' 
give the percent off intersection points between flash curve and! 
TBP i.e. 39% similarly for ASTM it is obtained from Fig. 2.5(b). 

From the points of intersections, with the oorrespondit^ 
slopes, straight lines can be drawn as shown in Fig. 2.6(b). 

Problem 2.4 

From the data of problem No. 2.1, oomihste tiie vaporisation 
curves of ASTM and EFV for the whole range. it, 

choosing cuts of 5 to 20%, 20 to 40%, 40 to 60% and 60 to 90%* 
to explain the nature of cut fraeti^ curve of ASTM. 
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Solution : 

Use the slopes obtained in problem 2.2. Locate the 50% 
boiling point with the help of Table. 2.1. 

Slope of TBP 3.61°C/per cent 
50% TBP point 302®C. 

Correspondii^ ASTM correction is +4®C approximatdy. Add 
this to 50% TBP point i.e. 306®C. which is ASTM, 50% boiling 
point. At this point draw a straight line with a slope of 3.06°C/ 
percent to get ASTM curve. Similar procedure is adopted for 
EFV also. EFV slope is 2.l0C/per cent and 50% EFV point is 
obtained from Fig. 2.6(a). For a cut fraction 5 to 20% ; the 
slope and 50% boiling point of this fraction is computed assuming 
that this fraction represents 100% fraction. 



Fta 2.7(a) Relatioii between IBP & FBP of ASTM 

and TBP. 

From Petroleum Refinery Distillation. 2nd Edition by 
k. N. Watictns (c) 1979 used with permission from 
Gulf Publishing Company, Houston, Texas. 
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So the slope is found out by locating 70% and 10% distilla¬ 
tion points of this fraction 
which correspond to 

of the fraction 

^^=2% of the fraction 

(add initial 5^ to make 7%) 

Hence the slope is — a0.83**C/per cent 

The approximate mid point is — 

At 0.83 TBP slope and 50% b.p. (1S0®.8C) 

ASTM Slope is (Fig. 2.4) = 0.48 
G)nverting TBP 50% point to ASTM 50% point as in the above 
case (or use Fig. 2.7(b)) ASTM 50% b.p = 151.8°C. 



Fig. 2.7(b) Relation between TBP and ASTM 50% 

boiling points 

(From Petroleum Refinery Distillation 2nd Edition by 
R. N. Wations (c) 1979 used with permission from 
Grtill Publishing Company, Houston, Texas). 



70 110D£&N msOtECM REFltlfJiKC PROCESSES 

IBP (5% point on TBP curve) *= 96.9®C. 

Corresponding IBP of ASTM is found out from Fig, 2.7(a). 
Similarly FBP of TBP is converted to FBP of ASTM with the 
help of Fig. 2.7(a). When is is not possible to obtain any of 
these IBPs or FBPs, arithmetic technique can be used to compute, 
ASTM(IBP) = ASTM(50%) b.p-ASTM slopeX50% 

= 1S1B-0.48X50 = 117B®C. 

Like this for all these cuts, an attempt is made to convert into 
ASTM fractions, as shown below : 

1 st cut 5—20% 

ASTM Slope = 0.48 
ASTM 50% b.p - 151.8°C 
ASTM IBP = 117.8°C 

FBP of 1st fraction (TBP) forms the IBP of 2nd cut 



2nd cut 

3rd cut 

4th ctd 


(20^%) 

(40-60%) 

(60-90%) 

TBP slope 

0.44 

0.51 

1.19 

ASTM slope 

0.28 

0.36 

072 

TBP 50% b.p. 

232°C 

296°C 

375<»C 

ASTM 50% b.p. 

225°C 

296°C 

362®C 

TBP (IBP) 

195°C 

268°C 

330°C 

TBP (FBP) 

268°C 

330'’C 

4S6®C 

ASTM (IBP) 

220°C 

286®C 

330°C 

ASTM (FBP) 

250°C 

312°C 

430°C 


Buch a cut fraction curve is shown in Fig. 2.8(b). 


Problem 2,5 

From the data of problem 2 1, find the characterisat on factor 
of the crude on the whole basis; also on the tasis of choosing 
three fractions of equal volume. 

Evaluate first. Average boiling point, on the whole crude 
basis, i.*. 

132+193+235 +2704-305 +330+362+407+455 

« ---—g-- — 


» 298.BC. 
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Average p : 0.8570. Obtain by substituting this value in 

»•*« I 

374*C 


^■'15:1570x0:^3 


Average boiling point on the basts of 


T 


slope TBP = 3.81°C/percent 

correction to be appjlied to convert average boiling point to Holal 
average boiling point (from Fig. 2.8(a) and (b) *= —62®C i.e. 
312«C. 

Average density of the fraction 


K 


36® API = 0.8448 

gm/cc 

32® API = 0.8654 

-do- 

29® API = 0.8816 

-do* 

Average = 0.8673 

gm/cc. 

_ V3I2+273 _ 
0.823X0.8673 ” 

11.72 


n 


I and II ^low the factor same 
Now choose 3 cuts as Cut No. 1 0 to 30% 

Cut No. 2 30 to 60% 

Cut No. 3 60 to 90% 

Evaluate the slope of each cut and average boiling point of each 
cut. Apply the necessary correction. 


TBP slope 

Av.B.P. 

Correction for 


®C jpercettt 

®C 

ooverting to MAVBP 

P 

Cut No. 1 1,98 

166.6 

-31®C 

0.769 

Cut No. 2' 0.83 

271.0 

-16®C 

omi 

Cut No. 3 1.20 

366.5 

-16®C 

0.8844 

For Cut No. 1 

Molal average boiling pointssl66.6"^31+273 


408.6®K 


v408.6 — 11 71 

^"Crg23 x0.76^-' 


Cut No. 2 K 


im 


11.43 


CatNo.3/C-5:^g5^=a.67 
Average K value 11.60 
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Eig, 2.8(a) Mean average Boiling Point 
Fia 2.8(b) Molal average Boiling Point 



(Big, 2,8(a) and (b) are Reprinted From p. 33 
Petroleiim Reigning 
Jamea H. Gary-^Qkm, E. Hatukverk 
Vol. 5 CJourtety q£ M^cd Ddcker Inc. N. Y. 1975 
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Z,2 Theiikial PiropertfeB of Petroleum Fraetfons 

Some of the important thennajl properties of petroleum are 
discussed in this chapter. ^ 

Specific heat 

Specific heat of petroleum fraction lies in the range of 0.3 
to 0.85 and depends upon temperature and gravity. Lighter 
fractions have higher values. With increasing density the 
specific heat decreases. In absence of relevant data, the follow¬ 
ing correlations can be used. 

Bureau of Standards formula^ 

Sp. heat = i (0.4024+0.00081 <) (2.10) 

P 

where p = sp.gravity at 15.6/15.6°C and t = temp. °C. 

With API gravity, temperature and characterisation factor (K) 
(for oils only) the specific heat correlation is given below: 

Sp. heat* = [0.355+1280 («API) 10-«+(503+1.17X®API) 
(32+1.80 !(+*] (0.05K+0.41) (2.11) 

where K = characterisation factor ; t = ®C 

Further, for pure components, the specific heats are listed 
over a temperature range of 200 to 6000®K by Duran” et al. 

Watson and Fallon gave the following relation for petrojleum 
vapours'^: 

Sp.heat= (0.045/C-0.233) +(0.44+0.01777 A) (1.8f+32) 1(H 
-0.153X(1.8f+32)»X10r» (2.12) 

where K : characterisation factor 

t .. oc 

In processing calculations, the use of specific heat is not 
immense; as heat content of the fractions is more versatile and 
available.” 

2.2.1 Heat of Combustion 

Hydrogen is distinct for its heat of combustion i.c. 183.6X 
10* kJ/Kg. Obviously higher hydrogen content fractions will be 
destined to have more heat of combustion. Thus in the order of 
parafiins to aromatics, the heat of combustion decreases. 

Sbeimanr->Kropff rdationship showing heat content with 
®API is worth mentioning.” 

Heating vajlu© kj/Kg « 43,434+93.2 (API-10) (2,13) 
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Gases can be dRssillet! by tbtir calorific values. Kepla^ent 
of one by anofiier is possible as sbovm by Wobbe numb^>* 

WobbeNo! li 5 «ot^^n. 

(sp. gravity) 

For different manufactured gases like coal gas, SNG etc. 
Wobbe No, lies in the range of 21.5 to 38.7 
For Natural gas: 

Ijow calorific value 37.1—43.7 

High calorific value 43.4—52.4 

LPG 72.0-83.5 

where 

Calorific value is given in K cals/liter and Sp. gravity 
(Air =* 1) in Kg/Cu.M. 

Gas modulus is another term conveniently used to replace one 
gas to another (by increasing Oie pressure at whidi it bums). 

Gas modulus = 

An examine may be cited here. A manufactured gas of 25 W. 
No. burning at 1 m. bar can be replaced in a burner with natural 
gas of W. No. 50. 


1 _P» 

2^"" SO 

Mfg NG 

The natural gas is thus permitted to bum at a pressure 
4 times that of manufactured gas. 

2.2.2 Latent heat of Vaporisation 

IsStent heat for a fraction varies with the temperature (or 
pressure) at which vaporisation takes place. This is commonly 
rriated to molecular weight, ^API and molal average boiling 
point. Any two of the above parameters are sufiident to give 
hoRt of vaporization. Latent heat can also be Converted 
from ndirmal boiling pc^t to any other temperature upto critical 
condition. 
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The relatUmship is expressed ss 

L = y , (2.14) 

L latent heat at any temperature (7 siwoittto) 

Lb == latent heat at temperature (7^ abaoiute) 
y ^ oorrecdon factor depends upon reduced tem¬ 
perature. 

At the critical conditions, the latent heat vanishes. As the 
•critical temperatures of high API materials are slower than lour 
API materials, the latent heat curves for these materials cross 
one another. 

222.1. Latent Heat of Fusion 

The heat of fusion is approximately fifty per cent of latent 
heat of vapourisation. For waxy distillates and waxes, the 
average latent heat of fusion may be taken as 167 to 170 K.J. 
per kg. 

2 2.3 Thermal Expansion 

Like all liquids, petroleum fractions also suifer in loss of 
•density due to thermal expansion. G)efficient of expansion is 
very much required to find out the volume of the ocxitainer^ which 
is exposed to frequent changes of temperature and this is related 
lo API gravity as given below^®: 


Qravity range 

Mean coefficient of expansion 

API 

(change in volume for PC) 

0-14.9 

0.00063 

IS—34.9 

0.00072 

35—50.9 

0.00090 

51—63.9 

0.00108 

64—78.9 

0.00126 

79—88.9 

0.00144 

89-93.9 

0.00153 

94—100 

0.00162 


2.2.4 Spontaneous Ionitxqn Temperatuees 

Definition: The temperature st which a material can catch 
fire and burn ooutinuousty without the aid of external firing 
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agencies. Paraffins have less ignition temperatures and this pre¬ 
cious property is regarded as most useful for the performance 
of diesel fuels. 

Amnatics have high ignition temperatures. In gasoline 
engines adiabatic compression of the mixture does not raise the 
temperature to that extent, hence sparking is required for 
detonation. Gasoline engines this way differ from Diesel engines. 
Ignition temperature remarkably decreases with increasing 
molecular weight of the scries as well as with the oxygen content 
of molecule. 

Self Ignition temperatures of some Hydrocarbons^* 


T^araffins 

Temp. In presence 

Naphthenes Temp. In presence 


®C of Oxygen 

®C of Oxygen 

Pentane 

418.3 292 

Methylcyclo- 393.3 
hexane 

Heptane 

258.5 284 

Methylcyclo- 468.9 
pentane 

Decane 

252.8 — 

Alcohol 551 329 

Otane 

235.0 — 


2,3 r»me- A37& 


thyl hexane 



Aromatics 

Temp. °C Inpresence 

of Oxy^n 


Benzene 

651.7 639 


Toluene 

629.4 


m-Xylcne 

628.9 


p-Xylene 

a*Methyl 

690.6 


napthlane 

Decahydronaph- 

565.6 


thalene 

271.1 


Spontaneous ignition temperatures, as determined by Moore,are 
slightly different from the self ignition temperatures mentioned 
above. Srif ignition temperatures fall wiffi slow oxidation 
while thiy increase with the addhion of TEL and oxidation 
inhiMtoni. 
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2.2.5 Vxscosrrv and viscosity Index 

Viscosity is an inapoftant property of aU lube Lubri* 
cation assists in removing the frictional *{orces between two 
moving bodies. Viscosity is defined as the forces in, dynes 
required to maintain 1 sq. cm plane, with a unit velocity gra^ent 
from another similar plane separated by a distance of 1 cm. The 
relative viscosity is the ratio of the viscosity to diat of water at 
standard temperature. In all refinery operations instead of 
absolute viscosity kinematic viscosity is used. 

Kinematic VUcosity 

All the laboratory viscometers like U-tube, Fcnske, Redwood, 
Engler give kinematic viscosity only. However, Saybolt universal 
visGometre gives the time in seconds for 60 cc sample efflux, 
through a standard orifice at the given temperature and is 
•expressed as seconds Saybolt universal (SSU). Engfer results 
are expressed in Engler degrees which gives almost absolute 
viscosity. Although viscosity is a measurable property of all 
fractions, it is no way essential for lighter fractions like gasoline, 
kerosene, naphtha, except for calculating the power consumption 
in pumping or in atomising purposes. 

Lubricants are specified by another derived property 
namely viscosity index, which indicates the variation character- 
istics of viscosity with temperature. Dean and Davis had g^ven 
the following formula*®: 

V. I = J^XIOO 

where L = viscosity of a reference oil of aero viscosity in deg. 
at 37.8°C 

H = viscosity of a reference oil of 100 viscosity index at 
37.8°C 

U = viscosity of test sample at 37.8®C 
Yisoosity index is explained in ffle graphical fashion as shown 
an Fig. 2.9. Two standard liquids L and H are duMen. L is 
having a V.I of zero and H is having a V J of 100. The starting 
viscosity for these samples is known by finding the viscosity of 
test samite U at 9S,9^C. Thus all die thiree samples have the 
same viscosity (F) at 98.9®C, but exhibit fflfiEerent viscorities at 
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37.8^C ^L,H and U, By su|)9tituting tlie ^aihies in the above equa¬ 
tion, the V.I can be found out. From this relation, it is apparent, 
that V.I can be ne^tive or positive or more than 100. L and H 
can be obtained from standard tables. Commonly parafHnic base 
oils have high V.I (100 for reference), conversely naplhene base 



F!ia 2 9 Viscosity Index-Graphical explanation 


oils are given the value o (for reference. The higher 
the V.I the better is the viscosity-temperatures characteristics. 
Usually the 100 V.I oils are good to start at lower temperatures 
than zero viscosity index oils, of course wfth low pour pomts 
as shown in Table 2.2(a) and (b). 

Tabus 22(a) 

Lowest temperature for easy starting *C 

0.VI. 40V.I. 100 V.L 

SA&20 2.78 -16.6 -232 

$AB-50 4*10 — — 667 

Em in case of diesel fuels, ea^ starting is related to viscosity 
aeMl poor point as shown in Table 2.2(b} 
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Tabui 2L2(b> 


Air Temp, “C 

Max visco¬ 

Max. pour point 

Cetane 

sity (SUS) 
at 37.8*0 

• C 

a 

number 

—2a9 

5.6 

—34.4 

90 

—23.3 

7.8 

-28.9 

83 

-12.2 

13.9 

-17A 

69 

— 1.1 

21.1 

- 6.7 

56 

15.6 

71.1 

10.0 

36 


Viscosity, average boiling point and characterization factor of all 
the petroleum fractions are interrelated. Any two of these 
properties can give the other one, as shown in Figs. 3.10(a) 
and (b). 



Fvs. 2.10(a) Relation between characteriBatioa 
factor, viscosity at average boiling point 

an4 gravity (AFl) 

(Fig. 2.10(a) (b) Taken from American Fetroleiim 

ReOsang ^ H. S. BeU (3rd Edit) 

With Fermissioa fWn Bropks/Ckfc Fdblishihg €k>. 
Owners of Van Kostraiid Ostmpany) 
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Fig 210(b) Relation between Characterisation factor, 
wscosity at average boiling point and gravity 

(API) 


Viscosity is not an additifve ptioperty, hence it does not follow 
arithematic nile> however it can be estimated by extrapolation or 
intrapdation, when represented in ASTM ch^s. Viscosity at 
two different temperatures need be available, and is mathematitalily 
shown by Walther’s equation as given below : 

Walther's Equation: 

log log (r+n) = w log r+b (2.15a) 

where T=^K 

r = oentistocks 
a = 0.7 or 0.8 if r > 1.5 
m 5= slope 
b ~ oonstdbt 

This describes, the viscosity variation characteristics of an odl 
whh temperature. On the basis of this equation ASTM charts 
were prepared. This is essential specially when the pour point 
of oi) is veiy higli (intrapolation to get viseoclt)^ at 37.8^C). 



wmsixmi. mocsasivo 8i 

Viscosity of h3rdrocarboii vapors is related tp criticsd 
properties by the formiila” 

M<jss= 7,7 iJM ' ^.156) 

Me == critical viscosity (micropoises) 

M is molecular weight 

Tcis critical t^p. °K and Pc is the critical pressure 
in atmospheres. 


2.2.5.1 Viscosity—Gravity constant 

This index of classification connects the viscosity and gravity 
of the sample by the formula 


VGC« 


10G:-1.07521og(F-38) 
10-log (V-iS) 


(2.16a) 


where G is sp.gr. at 15.6°C, V — SSU at 37.8°C 

where the measurement of viscosity is not possible at 37.8^C an 

alternative formula is used. 


VGC for heavy oils = G:=mz:0^2^g(V::^ 

(2.165) 

where V is at 98.90C 

Naphthenic oils have V.G.C, 0.9 and above, while paraffinic oils 
have 0.8. This is due to specific gravity, which is more for 
naphthenic oils than paraffinic oils. A nomogram based on the 
above formula is presented'*^ in Fig. 2.11. 


2.2.6 Thermal Conductivity 

Much interest was not shown towards this property. Group 
contribution techniques as devdoped 1^ Sakiadis and Coates^' 
and Bondi®* are helpful in this matter. 

Problem 2.6 

Raw pressible waxy distillate (A) and dearomatised pressible 
waxy distillate (B) of Assam Oil Company are having the 
following kinematic viscosities at 98.9**C and 6S.6®C (a) Find 
the viscosity indices of the tvpp samples, (b) Fmd the composition 
of blend which can give a viscosity nf 16 CS at 78.9®C 


6(45-155/1982) 
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vec 


6a 



(a) Raw pressible waxy distillate K.V. at 65.6°C = 24.5 cS 

at 98.90C = 4.1 cS 
at 65.6®C = 53.5 cS 
at 98.9°C = 7.3 cS 

(b) Dearomatised pressible waxy distillate K.V. 

Solution 
Refer Fig. 2.12 

(a) Plot the above readings on a semi-log graph (ASTM chart). 
]^d the viscosities of the samples at 37.8®C by extension. The 
viscosities are read as : 

For Sample A : 106 cS at 37.8®C 
-do- B ; 276 cS at 37.8®C 
Viscosity Index is calculated by referring to IP tables. 
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For sample 


Native viscosity index need not be multiplied by 100. 

(b) For this part of the problem, draw a line parallel to x-axis 
from 16 cs (K.V), so that the line intersects data lines at P & Q. 



Draw a line parallel to y-axis from 78.9°C, such that the line 
intersects the above at ‘O'. Now the bJend of ‘O' composition will 
give the required viscosity at 78.9°C 
% B in the blend to give 

the required viscositya* ^XlOOa ^Xl00a68% 
at 78.90C 

further viscosity at 37.8®C can be calculated by the corrdation 
given R.E. Hersh ctal**. 
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KVa7i=2.808[KVM^-j{^l3,]“‘ for paraffinic oUs 

KVsTi=2.45 I^KVtn—for naphthenic oils 

Viscoaity can be determined by different instruments and 
different methods and all can be converted to SSU or centi 
Stokes (Table 2.3) 

Porter developed a method to find the viscosity of a com¬ 
ponent at different temperatures by a plot simi(lar to Duhring’s. 
According to this plot the viscosities of a test liquid at different 
temperatures are plotted with reference to a temperature—^visco¬ 
sity variation curve for a reference liquid. It follows that the 
viscosities of a test sample and reference liquid will be same at 
definite temperatures of these two. This is shown in Fig. 2.13. 



cuavf A: sercftCNce 

ilQUIp 

cusves ». c, D. t Tcsr 

UQUIOS 


M 


Fig. 213 Viscosity determination. 
By Porter’s Method. 


To get the viscosity of a test liquid at one has to 
proceed horizontally till the corresponding curve is reached and 
t|ien run down vertically to meet the reference curve; horizontal 
reading on viscosity scMe at the point wiU give the viscosity of 
teist liquid. 

Visdoeity of pure components can be estimated by Souder’s*® 
method. 


log (log 10 m)®? P -2.9 (2.18) 



mftOLEUBi PitOCESSING OAT^,, 85 

Table 2,3 CoirvaisioN op Vxsooszty 


Cent! Stoke 

Engler degrees 

Saybolt Seconds 

at 54.44“C 

Red wood 
Seconds 
at 60 'C 

2.0 

1.140 

32.66 

30.95 

2.5 

1.182 

34,46 

32.20 

3.0 

1 124 

36.07 

33.45 

35 

1266 

37.67 

34.70 

40 

1308 

39.17 

35.95 

45 

1.350 

40.78 

37.20 

5.0 

1.400 

42.48 

38.45 

5.5 

1.441 

43.98 

39.80 

60 

1.481 

45.59 

41.05 

6.5 

1521 

47.19 

42.40 

70 

1.563 

48.79 

43.70 

7.5 

1.605 

50.44 

45.00 

8.0 

1.653 

52.10 

46.35 

8.5 

1.700 

53.80 

47.75 

9.0 

1,746 

55.51 

49.10 

9 5 

1.791 

5721 

50.55 

10.0 . 

1.837 

58.91 

52.00 

12.0 

2020 

6603 

58.10 

14.0 

2.219 

7354 

64.55 

16.0 

2.434 

81.25 

71.40 

18.0 

2.644 

89.37 

78.45 

20.0 

2.870 

97.69 

85,75 

25.0 

3.455 

119.10 

104.70 

30.0 

4.070 

14120 

124.40 

35.0 

4.695 

163.S 

1442 

40.0 

5.355 

186.0 

1642 
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where / is a parameter give for different liquids 
M = molecular weight 
p = specific gravity at t°C 
jtt = viscosity in CPs. at t°C 

I in Sender’s equation is calculated from the group contributions 
as given below: 


Atom H O C N Cl Br I 

Contribution +27 +297 +50.2 +37 +60 +79 +110 

Double bond “15.5 

5 member ring —24 

6 member ring —21 

Side groups of 6 member rings 

For components of molecular weight less than 17 = “9 
For components of melecular weight greater than 17 = “17 
ortho, para positions +3 
meta position “ 1 


OH 

NO2 


+57.1 

+80 


COO 


+90 


Problem 2.7 

Estimate the viscosity of phenol at 80°C (p = 0.9692) 
Solution 


For 5 H atoms .... 5X2.7 13.5 

6 Carbon atoms 6X50.2 301.2 
OH +57.1 

Ortho position + 3 

MoJ. wt. =94 374.8 


For one six ring = “21 

3 double bonds (“15.5X3) = “46.5 
one side group mol. wt greater tiian 17 = “17.0 


/ = 374.8 “ 84.5 = 290.3 

log [ Log 10 M ] = ^XO.9692-2.9 

= 2.991 - 2.9 3 .0.091 
M » 17 cps. at 80®C 


“84.5 
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Thomas method is based up on reduced temperature and is given 
by the rdation*® 

log » [f, - ‘ ] (2.19) 

where Tr is reduced temperature 

$ = smoothing group coefficient 


Smoothing group 
(atoms) 

Contribution 

C 

-0.426 

H 

+0.249 

O 

+0.054 

Cl 

+0.340 

Br 

+0326 

I 

+0.335 

Double bonds 

+0.478 

CeH. 

+0.385 

S 

+0.043 

CO 

+0.105 

CN 

+0.381 


Problem 2,8 

Estimate the viscosity of benzene, given 

Specific gravity (p) = 0.875 at 20®C; Tc (critical temp.) 

= 562°.! K 

Sbhaion : 

For 6 carbon atoms 6X —0.426 = —2.556 

For 3 double bonds 3X0.478 = 1.434 

For 6 H atoms 6X0.249 = 

= 2.928-2.556 = 0.372 

I 

= 237X0.917 = 0.871S 
iftff 8.569 ^ A r 562.1 • *1 

(o.^sr> ~ I "2^ M 

M = 0.87 CPS at 20^ 
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2^2.7 Thernumscfmty 

This is given by following re|latiions : 

Thermoviscosity = 15+148 X kinematic viscosity or 
Thermovisoosity =46 SSU—1,183 where SSU is deter¬ 
mined at 1S®.6C 

Thermovisoosity is not of much importance, however for 
fractions having less viscosity, the expression looks to be convinc¬ 
ing. Industrially, thermoviscosity is important for illuminating 
oils. Frequently thermovisoosity is expressed in terms of Ring 
number given as 

Ring No.: 10(46-API) (2.20) 

Usual ring number for most of the illuminating oi^s is in the range 
of 60 to 130. 


2.8. Importaat products-properties & Test methods 

Distillation of crude yields number of cuts of varying 
boiling ranges. These fractions or cuts are processed suitable to 
utility when they are known as products. In the order of 
increasing boiling points, the main fractions from distillation of 
crude, are 


Qas/light-naptha/gasoline 
Kerosenes (light distiljla. 
tes) 

Gas oils or middle 
distillates 
Heavy distillates 
Residuums 


Solvents/Fuels/motor spirits, etc. 
Jet fuels/illuminating oils/heat¬ 
ing oils 

Diesel fuels, cat-cracking oils, etc. 

Lubes/Waxes/fud oils, etc. 
Asphalt, Bitumen etc. 


2.3.1 Gas 

Gas from petroleum is classified under several names Hike 
natural gas, associated gas, dissolved gas, casing head gas and off 
gas from refinery. 


2.3.1.1 Natural 

Its name indicates that it is readUy availahfe in nature, in 
almost as a finished product. It oontams mainly varying propof'^ 
ikm of methane. It may be aeoompanied by other dry gas 



I^BTROLEUIC PAOCESSING DATA 


89 


fractions like ethane and piopane to a small extent. In addition 
to these combustibles some inerts like COg, noble gases are 
also present. The proportion of methane ranges from 85% and 
goes upto 98%. 

2.3.1.2 Associated gas 

This is obtained frm oil reservoirs and this exists as a 
separate gas cap over liquid phase. Though the gas mainly 
consists of methane and to some extent ethane and propane, the 
proportions vary depending upon the reservoir conditions. 
When the gas phase is taken out, it may sti^U contain some liquid 
hydrocarbcms mainly of volatile range like butane and pentane, 
which when condensed are termed as naturail gasolines. 

2.3.1.3 Dissolved gas 

Gas may be present in the liquid hydrocarbons mainly in the 
dissolved state depending upon the formation pressure. When 
the pressure is decreased, this dissolved gas comes out of the oiil. 
Gas production upto 10% crude produced is not uncommon with 
the oil reservoirs. 

It is fair to strip off stich dissolved gas before crude 
is transported to long distances by means of pipe lines or 
tankers. The remaining dissolved gas is first to come out of the 
distil|lation column because of higher temperature than the 
surroundings. 

2.3.1.4 CaHng Head gas 

Gas that has escaped through oil well Christmas trees is termed 
as casing head gas. It is also more or less similar to natural 
gas but contains less % of methane and high percentage of 
ethane and prc^iane than natural gas. It is a by-product of oil 
productioni 

2.3.1.5 Refinery off gas 

In a refineiy, gas is formed in cracking and reforming opera¬ 
tions due to the thermal degradation of liquid hydrocarbons. 
During stabilisation of wild gasolines or processed gasolines, the 
gases are vented. Thus the gas is mainly t mixture of saturates 
and unsaturates and quantity is also not asSessible. This forms 



90 


MODERN PETROLEUM REFINING PROCESSES 


a major source of heat energy for refinery, as well as feed stock 
for petxxxhemicals. In fact, without any exclusion, all these 
gases can be utilised for petrodiemical industries. 

All the gases contain impurities like CO 2 , Ns, mercaptans, 
HsS, water vapour, suspended impurities etc. First three para- 
fiins are gases at room temperature. Mixture of methane and 
ethane is called dry gas, while propane-butane mixture is called 
wet gas. Where petrochemical industries are not instituted dry 
gas would find its use mainly in the refinery fuel system. Wet 
gas is usually liquified and sold for oommercial purposes. 
Butane is diverted to gasoline streams as a blending component, 
as butane has more commercial value when blended with 
gasoline. 

2.3.1.6 Liquified petroleum gas {LPG) 

The gas that is vented from refinery distillation units, is 
processed and Oojnveniently stored after liquefaction. For 
domestic beating purposes, it is supplied in smajll cylinders 15 kg 
or 12 kg), while for industries tanker supplies are caliled in. 
This gas is known as liquified petroleum gas as it is stored in 
vapor liquid mixture. Ease of handling, smokelessness, good and 
steady heating rates are some key points, that made this fuel a 
popular kitchen aid to the housewife of modem times. Rising 
demands of this fuel in domestic and industrial circles are met 
by the refinery by installing processing units. 

Different types of mixtures resulting from propane-butane 
blendl^ are sojld as LPG. Infart propane itself can be utilised 
for this purpose and hence the dearth of availability of butane 
does not deter the manufacturers. 

Most important property of this fuel mixture is vapour 
pressure. These fucds are graded according to vapour pressure 
and temperature at which 90% or 95% is evaporated, LPG is 
produced in many grades as listed below : 

1. Predominantly butanes 

2. Butane—^propane mixtures, mainly butanes 
*3. Butane—'propane mixture (equail volumes) 

4. Less butane—^propane mixture 

& Butane—propane mixture (more propane) 

6. Predominantly propane 
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2.3.17 ImporUmi Tests 

Vapour pressure of the sample is foremost important This 
is found out by Reid’s—^Vapor pressure apparatus (See Fig. 2.14). 
The test is described in gasoline testing. Characteristic vapor 
pressure® of these mixtures at 38®C varies from 5 to 13 l^cm*. 
95% evaporation point at 760 mm Hg shall be kept less than 0°C. 
In tropical regions, a fair amount of butane may be mixed so 
that 95% evaporation point shall be around 0°C. 



Fia 2,14 LPG Testing (Reidvapor Pressure) 

Natural Gas Processing Supplies Association (NGPSA), 
standards elucidates tests, properties and methods for handling 
such mixtures. While storing these gases, hydrocarbon' dew 
point is reduced to sudi a level that condensation by releasing the 
pressure cannot be experienced. In addition to satisfactory 
vapor pressure and evaporation point, the gas should be free 
from corrosive compounds. Hydrogen sulfide, Carbonyl sulfide 
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are such <;Dntamiiiants which are kept bcjlow 5 to 6 grains per 10 
cubic TD^ters; further it should also be free from moisture. 
Usual gross calorific value is in the order or 38 to ^ MJ/M*. 
For facilitating leak detection, the gas is mixed with smaill 
amounts of odourous mercaptans. 

A typical LPG composition of an Indian Refinery is given 
below: 


LPG (Butane-propane mixtures) 

Vapour pressure at 65°C = 10 to 26 kg/cm* 
Vapour pressure at 38°C ± 0,1 = 6.7 kg/cm® 


95% evaporation temperature = — 2°C 
Sulfur % by weight —0.02 

HaS - Nil 

Moisture — Nil 

Composition 

Ethane — traces 

Propane —24.7% 

i-butane —36.7% 

Butane —38.5% 

Pentane — Nijl 


L.P.G. being a manufactured gas its composition remains 
same. In the case Qf natural gas the composition varies from 
mine to mine, even in the same mine from time to time. 

2.3,2 Gasoune 

Naphtha or Gasoline (petrol as is known in India) is the 
next fraction to follow gas. This is a volatile fraction and is 
known as motor spirit. The boiling point ranges from 37°C to 
I80°C. Gasoline is a finished product, while raw fraction is 
termed as naphtha or light boiling fraction. There are different 
types of gasolines produced by the refineries (approx. 40 types) 
and almost 90% of the product is exclusively consumed by auto- 
molule industry and the rest by aviation industry. Most re- 
Emeries produce two primary grades, regular and premium both 
either leaded or unleaded. The product is so important that the 
inspiration of refineries has become a reality to produce as much 
as ^70% of gasoline from crude, especially in oountries tike 
U.S»A* 

Gasolines are never anal}^ for individual cotnponents, yet 
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around 1500 compounds were isolated just for academic interest. 
Light straight run gasoline (LSR) consists of Cs to 90^C frac¬ 
tion. This is the fraction which cannot be reformed for improve¬ 
ment in octane number. This cut as sudh contributes good 
octane number (vdth high succepdbiiity to lead) and bears light 
end distillation characteristics of gasojline. LSR is also known 
by the name virgin gasoline and does not have desired qualities 
or properties suitable £or usage in automobile industry. 

Hence strai^t run gasolines are blended with the processed 
gasolines obtained by various methods, these are : 

1. Reformate gasolines, 

2. Coker gasolines, 

3 Alkylated gasolines, 

4. Polymer gasolines, 

5. Cradeed gasolines and 

6. Hydrocracked gasolines, 

2.3.2.1 Tests for GasoUHe 

The important tests prescribed for gasolines are: 

1. ASTM distillation, 

2. Reid vapor pressure, 

3. Octane number, 

4. Gum content, 

5. Sulfur content, etc. 

ASTM DISTILLATION (15 : 1448^P : 18, ASTMD--86) 
In this test 100 ml of sample is distilled in a standard flask 
at a uniformi rate of 5 cc per minute. The distillate is condetised 
m a brass tube condenser, surrounded by a water bath kept at 
0°C by iofr-water mixture. First drop from the condenser must 
be available in 5 to 10 minutes after heating started, at which 
the recorded temperature is mentioned as initial boiling x>oint 
(IBP) of the samite. The vapor temperature is recorded at 
each successive 10 cc distillate cdlected in a measuring 
cylinder. The test continues in the same vjray till 95% of ftao 
tion is condensed. At this juncture, the heat intensity may b^ 
increased to obtain the maxixnum boiling point also known as end 
point (EP) (See Fig, 2.15) 

Fluctuation in temperatures is conunon when last two or 
three ecs of sample are distilled. When the bottom of the fiask 
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•hows dryness, the temperature recorded corresponds to 
boiling point. The -distillate collected shall not be less than 98% 
and the difference is accounted as loss; usually ascribed to light 


'ji ‘ ■ 

... 




Fig. 215 ASTM Distillation 

ends. This method of distillation is followed for most of the 
product speciheatiems. When middle distillate like diessds are 
to be tested; instead of 100 ml. sample, a 200 ml. aampjle is taken. 
Similar adjustment of heating rates are followed to obtain IBP 
in 10 to 15 minutes time. This test is conducted with standard 
equipment only. The boiling points in this method need not be 
^jtKted to 760 mm pressure; although it is preferred at times 
of dispute. ASTM distillation specifies the evaporation charac- 
teHstics of gasoline. Accordingly gasolines faUl mainly into 
3 types : Type A, Type B and Type C. In all these types 10%, 
50% and 9<^% boil’ng point along with IBP and FBP are 
mtintiooed. 

Ease of starting is governed by IBP to 10% range boilmg 
point, tmret IBPs are preferred for cold cHimates. A draw¬ 
back of .vety low IBP is vapour locking of the engiiie due to high 
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evaporation. This has been to some extent been aEeviated by 
fixing vapoui; psressure, which is furnished by entire boiling stock. 
Farther, evaporation losses can also be rejlat^ to vapour pressure. 
When gasoline tanks are fiiUed up, the vapour that occupied the 
tank has to be displaced and losses due to such kind of phStio- 
emenon are called 'breathing losses’ whidi are inevitavie in ajU 
filUing operations. Breathing losses are in addition to evapora¬ 
tion. losses due to ambient temperatures. (Tabjle. 2.4) with all 
these considerations, to ease starting, winter gasolines and summer 
gasqlines are produced to satisfy the seasonal specifications. 
Rate of acoelerationi fojUows after the starting operaticxn whidi 
is best judged by the mid region boiling range (say 30-60%). 
Rapid warmup is not very essential. It is generally influenced 
by prevailing weather conditions. Warmup period is defined as 
the time required to develop fully the engine power. Usuajl 
rimning of engine to 6-8 Km, should be a weljl considered warm 
up period and this is closely governed by % distilled at 70°C, 
with reference*® to minimum ambient temperature as shown 
below : 

% Distilled at 70°C 3 11 19 28 38 53 

Minimum ambient 

temp, in 26.7 15.6 4.4 6.7 -17.8 -29 

This explains that 11% should be distillled at 70^C, if the ambient 
temperature is 15.6®C, for maintaining the required warm up. 
Evaporation losses and vapour locking are guided by RVP and 
ambient temperatures, as shown below : 

Ambient ‘ 

Tepm. ®C 15.6 21.1 26.7 32.2 37.8 43.3 48.9 

Max. RVP 12.7 11.0 9.4 8.0 7.0 6.0 5.3 

(lbs/in») 

(kgs/cm») 0.879 0.782 0.66 0.56 0.496 0.423 0,38 

ASTM distililation curve dosely reaveals the foWowing ; 

If 10% boiling point is low; then 

Flash point, — low 

Ease of starting, — excejUent 

Vapour losses, — very high 

Vapour lodcing, high 
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30-60^ boiling point range givns infonnation on 
(a) Warm up period (b) Good evaporation 
If the range of boiling point ia hi^ gasoline will not be 
evaprnnttng normally. If 90% boiling is high, then crank case 
dilution also increases as the fuel is not volatile at the working 
conditions of carburrettor (Fig. 2.16). 



*/• distillation 


Ftc 2.16 ASTM Distillation Characteristics 


2.3.2.2 Reid Vapour Pressure {IS : 1448-39) 

Vapour pressure of aljl volatile fractions is measured by the 
above apparatus at (38°±0.1®C). The apparatus consists of two 
chambers. The lower chamber is in the form of cylindrical bomb 
for holding the test sample. Above this, there is air chamber 
which IS a hollow cylindrical spacc^ designed to possess four times 
the bomb volume. The top portion of the chamber is fitted with 
a bourdon gauge for pressure indication. For the test, the bomb 
is first filled with the sample up to the brim and immediately the 
valve is dosed and connected to the air chamber. The apparatus 
is now immersed in a water bath kept at 38'^d:0.1^C. The maxi¬ 
mum pressure indicated by the gauge is counted as the Reid vapour 
pressure of the sample. LPG, gasoline, naphthas, jet fuels are 
tested like this. It is found that true vapour pressure in most 
of the cases is higher than the indicated RVP, and. the variation 
for different fractions is different Maximum difference is indi¬ 
cated in case of crude oils. Relative expression True vapour 
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pressure to RVF is also sometiines indiicated and for gasolines 
it is in the range of 1.03 to 1.45, while for crudes it goes upto 10, 
During testing, the following correction is applied for aoco* 
modating the change in water vapour pressure corresponding to 
temperature variation from air to bath temperature. 

Correction : —(Pyp^) 

where, —atmos. pressure, P*—^vapour pressure of water at f°K, 
t —air temp. T —^Temp. at which test is done ®iC, Pr—vapour 

pressure of water at T^K. 

Volatility tests are intended for smooth performaince of 
engine under all weather. The importance can be judged by U.S. 
Volatility. 


Table 25 

U. S VoLAmiTr Trends of GAS(a.iNE 


Regular Premium 

Wmter Summer Vnhter Summer 

1956—1966 1956-1966 1956—1966 1956-1966 


Reid vapour 0 773 

0822 

0605 

0633 

0773 

0836 

0619 

0639 

pressure 

10% Evapo¬ 
ration 47 3 

433 

539 

517 

468 

433 

533 

51.7 

Temp "C 

50% Evapo-* 
ration 100 

933 

104 

979 

984 

989 

1036 

102 


Temp ‘C 


2.3.2.3 Octcme Number 

Octane number is defined as percentage volume of t-octane 
{2, 2, 4-tnmethyl pentane) in a mixture of i-octane and 
n-heptane that gives the same knocking characteristics as Ihe fud 
under consideration. Knoddng is due to untimdy burning of 
fuel in a spark ignition engine^ which results in loss of powoc 
and sometimes it is powerful enough to cause damage to engine 
parts. With the advent of petrol engines of high compression 
ratios the tendency of knocking has also increased. Knoddng 

7 (4WS5/1982) 
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ii tnaitily diue to two reasons^ one assigned to engine and tJie 
other to fueji. The fud part is only dealt here. Being a blende 
gasoline responds in different ways, even in the same engine, 
depending upon the components present. Iso-paraffins and 
aromatics have high octane numbers while n-paraffins have very 
low value (heptane 0), unsaturates do have high octane values 
but not prefened due to gum contribution. Naphthenes usually 
he in between i-paraffins and aromatics. Even among n-paraffins 
also the octane numbei of the lower carbon series is very high 
(methane has 104) and that is the reason why natural gasolines 
or LSR (Cs-lOO^C) have high octane ratings. Octane number 
is influenced by different factors hke speed of the engine, 
ambient weather conditions, altitude, combustion chamber deposits 
and coolant temperature. 

Knodc rating is tested by CPR Engine for different purposes 
and the conditions of test are furnished below. 


Method Research 

Motor 

Aviation 

Aviation 

supercharge 

Designation CFR ¥% 

F, 

Fa 

F4 

Engine rpm 600±6 

900±9 

1200±12 

1800±45 

Air intake °C 75±1 

38±1.4 

75±2 

75±2 

Coobnt temp. 100±:1.5 

lOOdil.5 

140±5 

140±2 


Motor method (P. 26. ASTM D357-58) gives the octane rating 
of high way dnving (high speeds), while research method (P. 27, 
D 908-58) gives for city driving (low speed) conditions F, & 
F« methods are for aviation gasolines. 

Some additives like tetraethyl or methyl lead are extensively 
Uended into gasolines to boost the octane number. 

Octane number estimation for leaded gasolines was furnished 
by McCoy®^ as 

Octane number = A(% aromatics in fueI)+B 
whete A & B ane constants. 

After analysing vast data, the above relation was formulated. 
Xbtn^tane number variation with aromatics resulted in a straight 

MfnA A and B are the slope and intercept of such a Ime. 
Athbte etmditioiis*»Octane8** number: 

Ahy mgjltie dunng service haa to enewter diffemit weather 
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coaditions. For smooth rtumizig it h better to IkdjiUfit the 
octane rating of the fuel under such circumstances. 

Attitude: With increasing altitude a fuel of less octane value 
is satisfactory. For every 100 meters increase in altitude 
drop of one unit RON in fuel quality is allowed. 

Humidify 

The performance of the engine is again responsive to humidity 
conditions. Engine working on high humidity conditions require 
less octane fuel. For an increase of 10% humidity at 25*^C a 
drop of 0*5 RON in fuel quality is permitted. 

Engine Speed 

High speed engines require low octane value fuel. For an 
increase of 300 RPM in an engine speed, a decrease of one unit 
RON of fuel quality is permissiUe. 

Air temperature 

Cold countries require less RON fuel than hot countries. 
With a rise of 12*^Cm air temperaturei an increase of one RON 
in fuel is required to compensate the effect of air intake tempera* 
turo. 

Coolant temperature 

For every 6®C increase in coolant temperature, the engine 
demands an increase of one RON in quality of fuel as essential. 
By this one can judge the importance of coolant. 

Spark advance 

This is purely a mediamcal adjustment requiring 1.5 RON 
increase for 1° advancement of sparking. 

Combustion chamber deposits 

Running of an engine over sufficiently kmg periods, invariably 
results in deposits. It is essential to increase the octane number 
of fud by one unit for 5000—10000 km of running. 

Alkylated gasolines and reformed (catalytic) gasolines have 
high octane numbers. While polymer gasdines oontribtite to 
medium extent (60-80) RON» ga^nes produced by cracking 
and hydrncrackmg tectoiques yield about 60 RON. The light 
ends.ol any gasoline produced hy thermal decomposition of higher 
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stocks give good value RON, still tbey are not preferred because 
of the large quantities of unsaturates. 

2.3.2.4 Oxidatioti—Stabiiity (Gum content) 

Motor gasolines are often stored for six monthe or even 
longer before use. So it is essential that they should not under¬ 
go any deleterious change under storage conditions. Further 
gasolines should remain free from deposits during discharge from 
the fuel tank of a vehicle to the cylinder of its engine, otherwise 
these harmful deposits are built up in the tank, fuel lin^ and in 
valves and cause extensive choking. Gasoline manufactured by 
cracking processes contain tmsturated components which may 
cncidise during storage and form undesirable oxidation products. 
An unstable gasoline undergoes oxidation and pqlymerisation 
under favourable ambient conditions, forming gum, a resinous 
material. This in early stages of formation may remain in solu¬ 
tion with gasoline but due to further chemical changes may be 
precipitated. 

Gum formation appearh to be the result of a chain reaction 
initiated by radicals such as peroxides and catalysed by the 
presence of metals, particufariy copper, which might have been 
lacked up during refining and handling operations. 

This deterioration of gasoline can be eliminated for a subs¬ 
tantial period of time by addition of small quantities of antioxidant 
additives known as inhibitors. Inhibitors retard the oxidation 
of the olefin constituents of the fuel. Some such inhibitors are 
normally phenols or amine compounds, and small quantities 
between 0.001 and 0.02 percent by weight are usually sufficient 
to ensure good stability. 

Gum is of two kinds, one is known as existent-gum (pre¬ 
formed) while the other is called potential gum (ultimate). 
These two gums are estimated by two different methods. 
Exist^t gum, as already available in solution, is to be separated 
by evaporation of the volatile gasoline. This is estimated 1^ 
ASTM D381; IP 131 test. In this test, a sample of 100 ml. is 
evEpiOrated with the aid of a heated jet of air, while the sample is 
znilkliaiited at 160-166^0. After the evaporation of the sample 
the residue is weighed. Usually giun content should not exceed 
6*10 miUigminR per 100 ml. of gasoline. 
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Potentia! or ultimate gum content of the gasoline is evolved 
by oxidising the sampjle with oxygen under restricted conditions> 
thus assessing possible gum formation during storage. 

Induction period for gum formation is estimated by Bomb 
method (ASTM D525 ; IP 40 : P. 28). This employs an atmos¬ 
phere of oxygen at initial pressure of (7 kg/cm*) over the test 
sample of 100 ml. in a specially designed bomb. The bomb is 
fitted with a pressure gauge for indication of pres.sure, another 
connection is provided for feeding oxygen. The bomb and its 
contents are kept in a water bath and heated continuously at 100°C 
till the test is over. Due to slow oxidation gum formation 
begins and the pressure of oxygen in the bomb sjlowly falls. The 
lime required for fall in pressure by 0.15 kg/cm* within fifteen 
minutes is taken as break point. The difference in time from 
placement of the bomb to break point is the required induction 
period. More induction period means more the stability of gaso¬ 
line, hence less chance of gum formation. A minimum figure 
of 240 minutes usually ensures satisfactory limit for storage. 
Induction period in hours is equivalent to months that the gaso¬ 
line can be stored under commercial terms. Further, extent of 
inhibitor (additives) to be added is guided mainly by induction 
period. 

2.3.2.5 Sulfur 

In addition to corrosiveness and pollution, sulfur compounds 
are extremejly harmful to the susceptibility of gasolines to tetra 
ethyl lead .(TEL) More TEL is required if sulfur components 
are present in gasolines. The effect of overcoming sulfur com¬ 
pounds xs done by adding more lead. The effect of sulfur 
on lead can be predicted by the relation given as : 

L = “»-r“xicio 

Oo 

where, = TEL present in gasoline with sulfur oompoxinds 

a = TEL present in gasoline, free of sulfur compounds, 
L ^ % TEL excess required to boost the octane number 
of sour gasoline to the same extent as sweet gasdine. 

Sulfur is also termed as noncorrosive sulfur, provided the 
sulfur exists in alkyl disulfide form only. Most of the sulfur ia 



umsMxt mmMvu momm 

linide i$ cooiceiitmtQd in lieavi^ fraiotions, ltgfal«r fnurtim f«qaire 
relatively less cuml^ersoine treatment tedmiques. TQtal sulltir ia 
estimated by bomb method (IP. 6/60, P, 33) or lamp method! 
(P: 34) and mercaptan suilfur aS silvermereaptide (P< 36 : IP 
104/53), 

2.3.3 Anpmvfis for Gasoline 

While modem gasoline engines have been designed for effi- 
dent use of gasoline, stiljl, gasolino engine operation is not 
entirely trouble free. Complete combustion of gasoline in engine 
is rare, Motor oils used for lubrication cause deposits in the com- 
bustion chamber. These deposits (presumably of high carbon ring 
oompoun^ds) enter the crank case of the engine to form lubricating 
oil sludges along with unbumt gasoline Other source of trouble 
is effluent throuh positive crank case ventilation which causes depo¬ 
sits in the delivery end of the curburettor. Thus a dean combustion 
is remote; hence additives are preferred to reduce the deposits as 
well as pollution beitches. The effect of sulfur in different forms 
on lead requirement is presented in Figs. 2.17a & b, c & d. 
Different types of additives are blended into gasoline, infact 
in all petroleum fractions, to give uninterrupted and smooth service, 
Additives for different functions are classified as follows : 

1 Anti-icmgs and detergents 

2. Inhibitors for (a) corrosion (b) oxidation 

3. Combustion aids 

4. Anti-knocks 

5. Colours and dyes. 

2.3.3.1 AnH^cings and detergents 

During cold and wet vireather, spark ignition engine has a 
tendency to stall tHil the combustion chamber is fairly warmed up. 
I^rmation of ice crystals Ix^ins when the amlnent temperature 
^5 to 10®C, at a relative humidity of 65%. This phenomenon 
It bbiietved even vdtcn gasoline is free of moisture, so, obviously 
ItinlttUfe is contributed by air. During vaporisation of fud in 
there is evidently a. good temperature dfrop. These 
ttsiilt in uninvited formation ice cry^s. Por 
of thete^ formations, additives like mono 

dihm nniiteoll^ proponal art added. 
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It IS true, where tziit>vmg parts are present a timdy lubrica« 
tion is demanded Carburrettor detergents take care of smooth 
function Of carburrettor. For free piston movements j rapid 
erosion of deposits in combustion chamber, lubricants and some 
scavengers are essential. The deposits are n]ainl 3 r due to decom¬ 
position of lube oils and carbon formations by frictional heat 
and combustion heat. 

Maleic anhydride, poUyamines, poly isobutylenes, phenol 
epichlorohydrin—aixune products are s<wne such detergents in 
service. As an example phenojl—aldehyde amine condensate 
products reduce the deposits by 73% just by addition^^ of 
63 ppm. Petroleum sulfonates are cheaply available additives 
for smooth lubncation 

Z3.3J2. Inhibitors {corrosion) 

Storage and transportation of petroleum products is unavoid¬ 
able, Rust prevention in these periods is essential. This is done 
by incorporating selective additives in products. These additives 
form a layer of coating on the metals and protect from rusting. 
Ammonium sulfonates, organo phosphoric compounds are such 
additives. Magnesium and silicon compounds are used for pre¬ 
vention of lead corrosion. 

Oxidation inhibitors 

Oxidation may be accejlerated by metallic impurities like 
Copper and its alloys unsaturates always luive an inclinatiiMi to 
react with atmospheric oxygen, leading to gum formation. This 
is due to free radicajl mechanism. Hence the inactivation or 
termination of these free radicals ensures inhibition to oxida¬ 
tion* Anti-oxidknts like jdienols, cresols, phenylene diamines, 
alkyl amino phenols serve the purpose. Copper corrosion can be 
prevented by addition of disalicyledine and aminopropanes. Gaso- 
Usysi stabilised with n-oxydaphenyjl amine was found to be without 
decoration, even after two years**. Without additives gasoline 
ahvMjdd tU3i be stored for more than six months. 

OfftH'lmstunt ^vls 

Th^ deports in theteombustion chambers often glow and cause 
the flWl to hum untimely and contribute kUKXkbg^ Boron com- 
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(organic) in smalt ainounts not only decrease the com¬ 
bustion deposits but also increase the effectiveness of antiknock- 
ing agents. 

Organo phosphorous compounds**^ can ajlso reduce surface 
ignition by forming a refractory layer and preventing glows. 
Phosphates of lead, having higher gjlow temperatures, really 
impressed the manufacturers to go for high compression ratio 
engines. 


2.3.3.4 Anii-knockmff Agents 

Tetraethyl lead is the most important of all the additives of 
gasoline. Though working mechanism is not convincingly re¬ 
ported, it is assumed to decompose into free radicals of organic 
nature and lead. The ions of lead try to stop the propagation 
of flame, thus establishing an instantaneous combustion, whidi 
favourably decreases the knocking effect, but pollution due to 
oxides of nitrogen increases. Further, lead compounds accu¬ 
mulate m engine parts. This has to be met by suitable scaven¬ 
gers like dibromomethane additive. With stringent poliutioa 
laws, refineries do produce unleaded gasolines of premitim and 
r^fular grades, Tetramethyl lead is also employed in place of 
tetra ethyl lead. Modem tendency is to add a single suitable 
additive that can take care of all these additives. One such 
additive gaming importance is methyl cyclopentadienyl manganese 
tricarbonyl. 

Si 

2.3.3.5 D^es 

Though dyes do ncM: have special contributions towards gaso¬ 
line properties, sti|l they are incorporated for obvious r^UKms, 
namely to identify, to asses if there is any deterioration in glased 
line during storage and to impart pleasing hues especially when 
cracked gasobnes are blended. PiiUc colour is used for automobile 
gasoline, while light blue colour is added for aviation gasoline. 
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QmmiUks of Addiihe^ 


Additive 

1. Anntiknodcs, TEL 

2. Anti oxidants 

3. Metal deactivators 
(salicyledene) 

4. CoiTOsipn-prev«titers 

5. Preigniticm prevontors/ 


Quantity- 

0—3 tnl/S liters 
1—-8 kgs/1000 bbl 
0.5—2 kgs/1000 bW 

10—50 ppm 
0 . 01 — 0 . 02 % 


Combustion aids 

6» Anti icing agents 1/2—1% 

7. Dyes and colours traces 


The specifications of gasoline are shown in Table 2.6. 


Table 2.6 SaEancAnoNS : Motor Gasoline, 83 Research 


SI. Characteristics 

No. 

Method 

Unit 

Requirement 

1 . Ccdour 

Visual 

•Pi^ 

Orange 

Z. Coptwr strip oorroston for 

3 hours @ 50°C 

P :15 


Not worse dian 
Na 1 

3. Density @ 15**C 

P :16 

g/ml 

To be reported 

4. DisHllatim : 

Initial Bmling Point 


•c 

To be reported 

Recovery upto 70'*Q Min 


%voI. 

10 

Recovery upto 125**^ Min 


%vol. 

50 

Recovery upto ISO^C, Min 


%vol. 

90 

Final Boiling Point, Max 


•c 

215 

Residue. Max 


%vol. 

2 

S. Octane Number (Research 

Method), Min 

P ;27 

— 

83 

6. Oxidation StabUily, Min 

P t28 

Mints. 

360 

% Residue on Evaporation, Mm 

P :29 

mg/lCOml 

1 4.0 

1 

Sdl^hur, Total, Max 

(Mr Jet 
l^lvent 
Washed) 
P :34 

9twt 

025 

A, Laid Content (as Pb), Max 

P:37 

gm/l 

056 

m 1 Ml Vapour Pressure @ 

* 

a?t;39 


070 
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2.3.3.6 Avkitkm Gasoline 

Gaaolme us^d in aircrafts has more stringnnt spectfiCAlioiis 
than motor spirit^ although^ it contains aS the additive meant 
for motor gasoline. Sulfur content and paraffin oontent are nxxe 
injurious to this fud, as the operation under—60®C is severely 
lu^pered due to ciystallisation of paraffin compounds. Sulftir 
is presumafaily kept below 0.05%, to eliminate the possible 
pollution and corrosion problems. With the advent of modem 
jet engines, the demand for aviation gasojline is gradually falling. 

Cracked products in aviation gasolines are not permitted due 
to their chemical behaviour of giving inimical deposits, i-paraififins 
and naphthenes are preferred and form bulk of constituents, 
n-paraffins and aromatices foillow. Aromatics (Max. 12%) 
are also not very much desirable (their presence is greeted 
very much in motor gasoline), as th^ do not possess high anti¬ 
knock characteristics under leant mixtures, their perfor¬ 
mance is excqllent during take off (rich mixtures). Iso octane 
and other alkylated products are in immense demand because 
they suit in cjlose boiling ranges of avaiation gascdine (35-— 
170°C) with high <xtane member. 

All the tests needed for motor gasoline are well applied to 
this also. As a special case the sum of 10% and 50% ASTM 
distillation temperatures must nut be less than 135^C This is 
required to control excessive volatility. Fmal boiling point is 
kept in the vicinity of l^O^’C. Reid vapour pressure is less than 
motor gasoline and is kept around 0.4 to 0,49kg/cm^. 

2.3.4 Aviation tuhbine fuels (ATF), Jet fuels 

Modem jet engines use fud similar to kerosene. It il a 
most fleidUe fuel in, its boiling range (upto 300^0* Alt 
properties which are desirable for kerosene are considered to 
be sufficient Pour point of this fueil is of eactreme hnportanoe 
and should not be higher than —30^C as intemational flights 
always visit lands of caprice dimates. High smoke point is 
essential for clean coiUbustion. Smoke Is oonlhibttted hy 
aromatics and is made of high Oarbon to hydrogen redo nmle- 
oules called carfadids ttduch can be cfi^tiii^slied Irem' oohe* 
Naphthenes have good smoke FQlht and Ititimbating ehareotes^ 
stks, hencse preferred in these fuels. To ebvate the sdidihh 
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point, aromatics should be either converted to naphthenes or 
t^ysicaUy removed^ It is thus required to' keep aromatics in 
limits o£ tolerance upto 20%. ITnsaturates estimated by 
Bromine number are kept below 5% to limit gum formation. 
Sulfur is fairly tolerated, unlike gasoline. Different aviation 
grades like JP—1, JP—2, JP—3, JP~4, JP—5 arc used in 
U.S.A, while m India twp grades K 43 and K 50 are prodliced. 
(See Table 2.7) 

Smoke point is an important property of jet fuejl. Some¬ 
times instead of expressmg the quality^ of jet fuel by smoke 
pmnt alone, it is expressed in terms of smoke volatility index 
dehned as 

Smoke volatility Index = Smoke point+0.42 

X(% distilled at 204°C) 

The advantages gamed by this expression are stiill not clear. 
The tests prescnbed for this fuel are 

(1) Volatility (ASTM) 

(2) Pour point 

(3) Smoke pomt (combustion quality) 

(4) Water retention and separating properties 

Volatility had already been discussed ; pour point and smoke 
point are discussed in the kerosene and lube oil tests. 

Jet fuels being denser and viscous than gasoline, they tend 
to retain fine particles and droplets of water for a oonsiderable 
amount of time. Although filtration system can remove fine 
particles, it is no use for water droplets, water doplets can be 
removed by either heating or adding demulsifying agents. 
Maximum permissible limits of impurites are for fine particles 
I mg/litre and moisture content 30 ppm. Free water m jet fuels 
can be detected by field kits like Esso-hydro kit, Mobel Moisture 
Xddicator. The standard water reaction test (IP 289) is used as 
In the case of aviation gasoline. The clanty of fud is measured 
hy {Mb d^ctric device. 

, hMoeaUe phenomenon during high altitude flights and at 

AfMa h that fuel gets charged. To disperse these etaUc 
nutistats are add^. 
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TABtE 2,7 


Addity in grams 
Aromatic % vol, max. 

Bromine number, max. 

Colur Saybolt, min. 

Copper strip corrosion 2 hrs. at 
Distillation 

(a) l.BP. 

(b) Recovery upto 20% 
by Volume 

(c) Recovery upto 20% 

(d) Recovery upto 50% 
by vol. 

(e) F.B.P. max. 

(f) Residue, % age vol. max. 

(g) loss percent by vol. max. 
Flash pomt min. 

Cold test temp. max. 

Residie on evap. max. mg/ 
100 ml 

Gum accelerated (16 hrs.) 
mg/100 ml. max. 

Cal. value Cal/gm. (min.) 
Density at 1S®C 

Sulfur by vol. 

Sujlfur, total, percmt by wt. 
K.V. at —17.8«»CT(CS) 

WAter fraction Cha^e in 
vpl, of ether layer max, 


Avtatian Turbmg Fml 


Grade 

Grade 

K43 

K50 

Nil 

Nil 

20 

20 

5 

S 

8 

8 

lOO^C. Not less than No. 1 

Not limited but to be reported 

-do- 


200°C minimum 


Not limited but to be reported 

SOO'^C 

300®C 

2 

2 

1.5 

1.5 

38°C 

38‘>C 

~40°C 

-S0®C 

3 

3 

6 

6 

10167 

1016 

0.775 

0771 

to 

to 

0.825 

0.82^ 

0.005 

O.OOJ 

0,02 

02 

6 

6 

1 ml 

1 Ml' 
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The paraffin ridi fuels can allow micro organisms to sur¬ 
vive, for this reason, when these fuels are allowed to be stored' over 
great period, biocides are added. Other additives are also used 
as in the case of aviation gasolines. Additives and their 


functions ^e presented below : 

Additives 

Poly sulphones 
Organic boron compounds 

Phosphoric compounds 

G|lycol, polybydric alcohols 


(Purpose) Quantity 

Antistats 1 PPM 
Bioddes (20 PPM element 
boron) 

Rapid (^mbustion aids in ram 
jets (200 PPM) 

Anti icing agents upto 1% 


For jet fuds adequate information has not been provided by 
smoke point alone; a better method is by prescribing lumino- 
meter number (ASTM D-1740). Satisfactory luminometer 
numbers for some grades are given as 


For ]F^ = 51 
JP4 = 60 
JPt = 75 

Further, the smoke point of fuql can indicate the percentage 
hydrogen content of fuel®’ as shown by the relation 
H 2 % — 12.99+0.04X (smoke point in mm) 


2.3.5 Naphthas 

These fractions are highly volatile and fall in the boiling 
range of motor spirits. These are mostly used as solvents in 
paints, perfumery and other industries. Solvent grades are pro¬ 
duced by distilling wide cut naphthas into small boiling range 
cuts. Naphthas are not suitable for combustion, because of the 
rapnd flame propagation, resulting in explosions. Cuts boiling 
bdow 80°C do not have any aroraati'cs, hence thdr solvent power 
is also less. Such fractions are sent for cracking operation. 
80-120*0 fraction is reformed to improve octane number and this 
goes RS a blend into straight run gasolines. , 

Oeoeral requirements of solvent naphdu9 are 

1. Almost water white in color 

2. Non-corrosive nature 
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3. High stability 

4. High solvent power (Kauri ButaiK>l test ASTM D1133) 

5. Low boiling point 

6. Low acidity 

Suspended impurities are removed by filtration. Solvent 
power is determined by Kauri Butnol number. The volume of 
solvent that cause a standard Kauri Butanol gum in butyl alcohol 
to become a 10 point type illegible when viewed through this 
solution. Another method of estimation of solvent power is by 
Anijline point. Harvey*®* Mills relationshi'p for KBN is g^ven by 

KBN = 99.6-0.806G-0.09912A+0.0755 (340-BX0.56) 
(For less than 50) 
where G =* Sp. Gravity 

A = Aniline point ®C 
B = Mid boiling temperature °C 

2.3 6 Kerosenes 

Kerosene is the general name applied to tlie group of 
refined petrofeum fractions emplcyed as fuel and illuminant. 
All these fractions have approximate boiling range ISO—^250°C. 
These are uniform dose cut distillates, low in viscosity, with a 
good degree of refinement to be fairly stable, light in oolooir and 
free from smoky ill smelling substances. It is highly desirable 
that sulfur be kepi as low as possible. Kerosene is used as 
illununating oil in domestic ne^s both in wick burners and 
mantle burners. Though obsolete these days, it was used in rail¬ 
way signalling purposes. Such kerosenes were spedal blends of 
rdativdy high boiling fractions with oils of marine animals. 

Tests and properties of kerosene: 

1. Flash point and Fire point 

2. Smoke point (Burning quality) 

3. Volatilit)- 

4. Sulfur content 

5. Aniline point 

Above listed properties are cardinally judged for kerosenes 
of all grades. Spedfications for superbr kerosene are given in 
TaMe 2B. 
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Table 2.8 


SpEaPiCATiONs Kerosene (Superior) 


SI. Characteristics 

No. 

Method 

Unit 

Require¬ 

ments 

1. 

Acidity, Inorganic 

P:2 

mg KOH/gm 

nil 

2. 

Burning Quality : 

P:S 

mg/Kg of 

20 


Cliar Value, Max 


oil consumed 



Bloom on Glass Chimney 



Not darker 





than grey 

3. 

Colour (Saybolt), Min 

P :14 


21 

4. 

Copper Strip Corrosion 



Not worse 


for 3 hours. @ 50®C 

P: 15 


'than No. 1 

5. 

Distillation : 





Recovered @ 200°C, Min 


% vol. 

20 


Final Boiling Point, Max 


®C 

300 

6. 

Flash Point (Abd), 





Min 

P :20 

oc 

35 

7. 

Smoke Point, Min 

P:31 

mm 

20* 

8. 

Sulphur, Totd, Max 

P : 34 

% wt 

0.25** 


Tor supplies to Defence, the smoke point of product shall be 21 mm 
minimtan 

♦*For supplies to Defence, the total sulphur, per cent weight, shall be 020 
maximum. 

2.3.6.1 Flash point 

This is ddined as the minimum temperature at which the 
vapours from oil sample will give a momentary flash on applica¬ 
tion of a standard flame under specific test conditions. Abd 
(P : 21; IP 170/59) Pensky-Martens (P : 21; IP 34/58) Clevo- 
land are the test apparatus frequently used for the purpose. 
Significance of the flash point is that it can predict the possible 
fire hazards during transportation, storage and handling. Early 
tendencies w^e to incorporate more volatiles in kerosenes, thus 
inviting unusual fire hazards. This necessitated a strict vi^^lanoe 
by way of fixing flash point. The fladi point of marketsible 
should be above 42^C. 

Pensky-Martens Apparatus (P ; 21; IP 34/58) and Test: 
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The apfAiatus consists of a cylindrical cup made of brass of 
apprmdmate dimensions 50.8±:1.27 mmX55.88dbl^ mm 
inside) with a thickness at the bottom 2.41*0.64 mm. Inside the 
cup at 2/3 rds hdght frc»n the bottom there is a sudden and 
slight tapering up to the top of the cup. This looks like a ring 
and guides as a filling level for the sample. The top position acts 
as a vapournair ^mber. 

This cup is provided with a lid, and the lid is actually made 
of two metal discs, one sliding over the other. The lid also in¬ 
cludes (a) stirring device (b) two flame-holders, one test flame 
and other pilot flame (c) provision for thermom^er (d) spripg 
handle. By turning the spring handle, it is possible to slide one 
lid over the other whercJ^ the exactly cut chords align with 
each oflier, exposing air-vapour mix of the cup to flame. In 
fact, there are three chord openings, central one is meant for 
flame introduction, while the other two act as air introducers. 
When the handle is turned test flame is also simultaneously 
lowered into the central chord opening to explode air-vapour mix¬ 
ture. The test flame is issued from an opening of 0.69 mm dia. 
The whole cup is heated by air-bafli, which is primarily heated by 
dectrk power. 

The test sample is filled Up to the mark, and the temperature 
of ihe oil is slowly and uniformly raised at a rate of 3^C per 
minute. Test and pilot flames are lighted. Occasional stirring is 
done. The spring handle is rotated at every 1°C raise in thermo¬ 
meter till a bluish light flash is noticed. Heating should be 
maintained at the prescribed rate. 

Abel flash meter is used for highly volatile samples, vdiose 
flash point shall be less than 40*^0. Pensky-Martens do^ cup 
can be used for medium flash liquids, whm a bigb flash point 
liquid is to be tested opencup flash meter is convenient. 

Flash point is essentially dependent up on the light end 
characteristics of a fud. Approximate rdationship between flash 
point and IBP ~10% boiling range is given by Nelson**** as 

Flash point - 10.92 (T®C) -79.52 

Flash point is regarded as vapour property hence the ambient 
foessure directly influences the fla^ point. Thus one is reminded 
to note the ambient pressure before such a test is oonducted. Cor- 
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ruction for pressure may be accorded by applying the follovtr- 
ing relation : 

FUsh point = Flash point (fQ 760-F 
at 760 mm. Hg observed at Pmm Hg”^ 30 

where P is the pressure in millimeters at the time of observation. 
Flash point of blends does not follow any linearity: however 
the influence of high volatiles (range of 0—10% distillation) is 
predominent. Instead of laborious theoretical corrdations it is 
always easy to d^ermine the flash point of mixtures experimen¬ 
tally as shown in Fig. 2.18. 



Fza 2 18. Flash Point of Blenda h c Curves show 
di0eretit blends of heavy and light oil 


2L3.6.2 Fire point 

This dosely follows the flash point. The test is carried out 
in open cup rather than a closed one. Cleveland apparatus (ASTM 
D offers the advantage of open flash point and fire point. 
Fine point temperature is noted when, the oil vapours can hum 
conthmously for 5 seconds when te^ed in fiadi point aiq^matus 
and it occurs after the flash point, by 3-4<’C« For domestic 
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needs a very high flash pcHnt above 50^C is also not desirable. 
The easy ignition is credited to volatiles only and decrease in 
volatiles enhances the flash point causing difficulty in ignition. 

2.3.6.3 Smoke point 

Snu^e point is an indication of clean burning quality of 
kerosene. Illumination depends upon the flame dimension 
although it is not related to flame height. Many paraffins may 
be gifted with better flame heights but illumination may be poor. 
Smoke point is defined as the maximum height of flame in milli¬ 
meters, at which the given oil will bum without giving smoke. 
Thus smoke point test (P : 31, IP 57) enables the burning 
quality to be measured by adjusting the wick height to §^ve pro¬ 
per non-smokey flame (Fig. 2.19). Illumination is supposed to 
be characteristic of the components of fuel usually not measured. 
Different flame heights are obtained due to the presence of 
different components such as paraffins, naphthenes and aromatics, 



FIgl 2.19, Smoke point apparatus 
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Aromatics contribute smoke, hence removal of aromatics 
increases the smoke point. Naphthenes with side chains one 
inyitably retained to give good illumination. In Ind'a, market¬ 
able kerosene should possess a smoke point 1$ mm. Smoke 
point may be predicted approximately by knowing the group 
composition of oil. given as ; 

Smoke pomt - 0.48 P+0.32 N+0.20 A. 

where P, N, A are % of paraffins, naphthenes and aromatics in 
the sample. 

A dogma of high smoke point meant a better quality fuel 
is not always acceptable as it can not specify any illumination 
characteristics. In recent literature stress is given to this lumino¬ 
sity number (ASTMD 1740) and prescribed as a test for 
kerosene. This indicates luminosity of the flame and accompany¬ 
ing radiation problems in combustion chambers. Smoke point 
apparatus with modifications to include a photo electric cril can 
measure the flame radiations. Luminosity number is expressed 
just like octane number. The oonstitutents taken heie are 
tetralin (O luminosity number) and iso octane (100 luminosity 
number). The blend of these two should match with the 
luminosity of fuel. 

2.3.6.4 Burning Quality Test (P : 5 ; ASTM D182) 

This indicates the ability of kerosene to bum steadily and 
cleanly over a long period. Kerosene is tested by burning in a 
standard wick lamp for a period of 24 hours, in a room free from 
air currents. The average rate of burning, change in diapc of flame, 
the density of diimaey deposits are the prime factors by which 
the quali^ of kerosene is assessed. A good quality kerosene 
(after burning for 16 hours) should present the chimney as dean 
as possible (only slightly douded) and the iwidc should not have 
any appreciable hard incrustatioas with as large flames as in the 
beginning.” 

TTic continuity of the initial tlluminatioa over long periods 
in a top mts on the normal flow of kerosene to the wick end, 
Quinti^ of oil available at the tip of wick depends on the hdght 
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of wi<3c over liquid surface, texture of wick and projMirties like 
viscosity and surface tension of oil. Even though surface tension 
of different oils (kerosenes) may not vary much, viscosity varies. 
Stabilisation of flame is governed by viscosity. A good oil of 
650 c.c must bum at least for 120 hours. 

2.3.6.5 Volatility 

The nature of distillation range esimated by ASTM D 86 is 
of significance with, regard to burning diaracteristics. Ten 
percent boiling point reveals the flash point which in turn, 
indicates the ease of ignition; specially when kerosene is used 
in pump stoves, this plays a very important role in continuous 
support of flame. Mid boiling range contributes towards vis¬ 
cosity. Often flare up in oil heaters is observed if mid-boiling 
range is not properly constituted. Sixty percent distillation 
at 200°C ensures steady performance of oil in heaters. Minimiun 
of 15% distillation at this temperature is enforced to guarantee 
adequate volatility*^*. 

2.3.6.6 Sulfur content 

High sulfur oontmt is inimical due to its combustion! pro¬ 
ducts. When large amounts of such fuel is burnt, accumulation 
of these oxides results, offering wayward problems of corrosion 
and pollution. Total sulfur can be estimated by bomb method 
(ASTM D 1266; IP 107). Maximum permissible amount of 
sulfur is 0.13% ; in all kerosenes. 

2.3.6.7 AniHne Paint 

(IP 2/56 j IS (1448) P : 3) This test indicates qualitatively 
the amount of aromatics present in kerosene. This method is 
fully discussed in diesel fuds. 

2.3.7 Diesel Fuels 

Diesel oils are the fractimis in the boiling range of 
250-320^C; andi fall under gas oil fractions. These are basi¬ 
cally divided into two dasses as high speed diesels and low speed 
die^s. 
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Classification of diesel oils is done according to speed and 
loads of the engine as given below : 

Low speed Below 300 RPM For heavy loads at 

constant speeds. 

Medium speed 300-1000 RPM Fairly heavy loads 

moderately constant 
speeds. 

High speed above 1000 RPM Load and speed vary. 

Volatility test for these fuels is of trifle Value; however it 
is advisable to conduct ASTM distillation test to infer the boil¬ 
ing range. High percentage of light ends (upto 10% distilla¬ 
tion) are traits of low flash points. Even though flash point has 
no direct influence upon performance of fuel, still its minimum 
value should be maintained to prevent possible fire hazards in 
handling and storage. If 10%—50% boiling temperature is high, 
its warm up period will considerably increase. A high boiling 
p(Mnt gives much smoke formation and crank case dilution. For 
all high speed oils 50%'point is kept around 300°C; too low 
50% point gives a low visooaty and possibly low heating value 
too. Table 2.9 gives specifications of high speed diesels. 

The general tests recommended for diesel fuels are (in the 
order of performance). 

(1) Pour point 

(2) Aniline point—Diesel Index (Cetane number) 

(3) Flash point 

(4) Calorific value 

(5) Viscosity 

2.3.7.1 Pow Point 

The criteria of pour point fixation depends upon two 
factors namely climatic conditions and storage (handling). Fuel, 
at minimum ambient temperature must be free flowing. In India 
pour point is fixed at 5°C ; however in the Himalayan belt, where 
the dimate persists at suh-zero level this may not be satisfac¬ 
tory ; hence low pour point oils are essential. It is also observed 
that at dose approach of pour point (widiin 2 to 3®C), the ^sco- 
sity increases very much, the result of whch is high pumping 
costs. ' 
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Table 2.9 

SPEancATiONs : High Speed Diesel On. 


SI Characteristic 

No. 

Metliod 

Unit 

Reqmrement 

1 Acidity, Inorganic 

P : 2 

mg KOH/mg 

Nil 

2 Acidity, Total, Max 

P : 2 

mg KOH/mg 

050 

3 Ash, Max 

P : 4 

% wt 

0.01 

4. Carbon Residue 

P : 8 

% wt 

020 

(Ramsbottom), Max 

S Pour Point, Max 

P : 10 

“C 

6 

6 Copper Strip Corrosion for 

P : IS 


Not worse 

3 hrs @ 100*C 



than No. 1 

7 Density @ 15*C 

P : 16 

g/ml 

To be re¬ 
ported 

8. Diesel Index 

9 Distillation : 

P : 17 


45 nun 

Final Boiling Point 

P : 18 

*C 

To be re¬ 
ported 

Recovery @ 366*C, Min 



85/90 

10 Flash Point, (Abel), Min 

P : 20 

“C 

33/38* 

11. Kinematic Viscosity 

P : 25 

cS 

2.5-7.S 

@ d^s-c 




12 Sediment by Extraction, 

P ; 30 

%wt 

0.05 

Max 




13, Suli^ur, Total, Max 

P : 33 

% wt 

1.1 ♦♦/l.O 

14 Water Content, Max 

P : 40 

% vol. 

005 

15. Flame Height, Max 

Indian 

mm 

18 

' 

Customs 



* Subject to agreement between the purchaser and supplier, a lower or 


higher maximum Flash Point may be acc^ed. 

Subject to agreement between the purchaser and supi^ier a lower or 
liigher maximum Sulphur Content may be accepted. 

2.3.7.2 Aniline Point 

Diesel fuels are mainly composed of paraffins although there 
is no bar for aromatics. Aromatics of this boiling range present 
in the fuel cause abnormal ignition delay. For tins reason an 
estimation of aromatics is essential. One sudi method is ani¬ 
line point which can predict the suitability^ of oil. Aniline point 
is defined as the minimum temperature at which equal volumes 
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of anhydrous aniline and oil mix together. Diesel index (IP 21/ 
53; IS P : 1/) a derivative of Aniline point is defined as 

[0.018 A.P ®C+0.32] API. 

Aniline being an aromatic compound freely mixes with 
aromatics; so a low aniline point indicates, low diesel index 
(because of high percentage of aromatics). Aniline point can 
also predict the amount of carbon present in the molecule 
(aromatics), as given by the formula®’^. 

% Ca - 1039.4 Vo-470.4<fao-O.S67 AP(°C)-1104.42 
where nj,®®. refractive index at 20°C 
dao density at 20°C 

Diesel index is a measure of ignition quality of fud. Diesel 
engine works on the principle of compression ignition. During 
compression adiabatically the air temperature reaches around 
600°C, when the fuel in finely atomised form is fed in, it instanta¬ 
neously explodes. The temperature at which this explosion takes 
place without the aid of fire is called self ignition temperature. 
Self ignition temperature is low for paraffins while it is high 
for aromatics (benzene 65l°C) (See Chapter 2.2). Thus a fuel 
rich in aromatics bums later causing ignition dday and it gives 
rise to what is known as diesel knock. Por this reason all diesel 
fuels are processed to have a diesel index in the range of 45 to 
55. A high diesel index is also not desirable, as a fuel 
rich in aromatics gives rise to better calorific value than paraffin 
rich fuel for equal weights. When the fuel is injected into the 
chamber of hot air, first the fuel drops acquire the temperature 
of the surroundings. This takes some tune, llie time dday can 
be decreased by atomising the fuel into fine drops and also by 
varying the composition of fuel. Viscosity also has its own role 
in heat transmission. Once the droplets acquire the temperature 
of self ignition, the droplets explode. A continuous flame front 
may move if the aromatic rich fuel is fed in—obviously a cause 
for diesel knodcing. Fig. 2.20 shows the diesel fuel performance 
in an engine. During adiabatic compression, the temperature 
riees and at that instant the fuel is injected. The time taken by 
the fu<d, from injection to explosi<»i is known a$ delay period. 
Then the fuel bums at a constant rate. The air pressure and 
tehiperature increase after explosion. The two curves A & B 
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marked in the figure show the characteristic performance of tvw 
fuels—is for a fuel rich in paraffins and *A’ is for aromatic 
rich fuel. 



Fia 220. Diesel oil Combustion Performance in Engine 

Peaks a and b obviously should coincide with crank position, 
otherwise, knocking results. High speed engines require a fuel 
of viscosity, 1.4 to 2.5 CS (at 30°C), where as low speed engines 
may work with even high viscous fuels (5.8—26,4 CS). 

Cetane number: (IS P 19; ASTM D613-58T) 

Cetane number is a corollary of Diesel index. 

It is defined as percentage volume of n-cctane in a mixture 
of n-cetane and a-methyl napthalene, which gives the same igni- 
ti<Hi d*elay as the fuel under consideration, when tested in a CFR 
engine. Some people prefer heptamethyl nonane (Cetane 
No. 15) in place of <rmethyl naphthalene. 

A rdation between diesel index and cetane number is 
presented in Table 2.10(a). 

Table 2.10(a) ; Cetane number Vs, Diesel IndtKK. 


Cetane No. 

Diesel index 

30 

26 

35 

34 

40 

42 

45 

49 

SO 

56 

55 

64 

60 

72 
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Table 2.10(b) : 

Diesel Fud Ease of Starting 


Ambient 

Temperature 

OC 

Cetane No. 

Viscosity 

SSU 

at 37.80C 


-34.4 

90 

— 


-28.9 

83 

46 


-23.3 

76 

57 


-12.2 

63 

65 


- 6.7 

56 

— 


- 1.1 

49 

—- 


+ 4.4 

43 

100 


+ 10.0 

36 

— 


Table 2.10(c) 

: Diesql Fuels—Properties 



High 

Low Medium 

Viscosity at 37.8°C 

speed 

speed speed 

SSU Minimum 

32 


32 

Maximum 

50 

250 

70 

Sulfur % 

1.5 

2.0 

1.5 

Conradson Carbon Residue % 0.2 

3.0 

0.5 

Ash % 

0.02 

0.04 

0.02 

Water and Sediment % 

vol. 0.05 

0.6 

0.1 

Flash point ®C 

— 

62.3 

62.3 

Cetane No. 

50 

30 

40 

Diesejl Index 

45 

20 

30 


2.3.7.3 Flask Point 

It has no real significance on performance of fuel. Kniow’ 
ledge of this is required for safe handling and storing. In Indi: 
flash point of diesel is kept arounl S0®C—55®C. 

2.3.7.4 Colorific Value 

Though high calorific value of the oil is desirable, it canno 
be at the expense of diesel quality; hence a fuel having®*** cal 
value 41.83 kj per gm is sufficient. Apparently paraffins hav< 
high calorific value due to higher hydrogen content, but aroma 
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tics mainly contribute by bond dissociations. The disparity in 
calorific value for these materials in this regicm is not over^ 
whelming. 

2.3.7.5 Viscosity 

Ease of starting depends upon viscosity and ignition 
quality. At lower starting temperatures high cetane fuels are 
required (See Table 2.10(b). Diesels used for diiferent speeds 
must possess the properties as shown in Table 2.10(c). 

Thermal stability of diesel fuels is important, because the 
remaining fuel from the combustion chamber is returned back to 
the reservcMr. ITie test is performed by exposing 50 ml sample 
kept at 149°C for 90 minutes with an additive. When the 
sample is filtered through a filter paper, the excessive stain on 
filter paper is an indication of bad oxidation stability of the fud 
usually additives like 1-n-butoxy-l-ethane, dioctyl-diphenyl 
amine (upto 20 ppm. are used to improve the stability of fud. 

2.3.7.6 Diesel Additives*^’** 

Just like gasoline, diesel fuels are also blended with addi¬ 
tives to give satisfactory performance. Ignition accelerators are 
used for reducing the ignition dday. These are generally oxygen 
donating substances (oxidising type) like nitrates and nitrites of 
Cr-Cg acids (amyl nitrate is an example) ; aldehydes, ketones, 
ethers and peroxides. These have the tendency to oxidise 
the fud. Inhibitors to stop gum formatton are the same type 
as used iir the case of gasoline (phenol amines under the trade 
name Topanol). 

Pour point depressors are generally chlorinated paraffins, 
and these are used to improve the cold-start performance of the 
engine. Anti-smoke additives like ethyl lubrizols cause less 
smoke in the exhausts. Alkajlitie agents and ashless dispersant 
additives have beat used to improve quality of rail diesds. 
These alkaline agents provide improved piston ring and qrlindcr 
line protection particularly with high sulfur fuejs. 

Antistatic additives are optional because of the ubiquitious 
demands of diesel; time of storing is not much, hence these may 
or may not be mixed. Usually these are the chromic salts of 
alkylated salicylic acid, calcium aerosols, vinyl methacrylate 
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pol 3 nnors. To prevent microbiological growth dioxaboriaanes 
(tx^n compounds) N-benzylMenemethyl amine are used. 

2.3.8 Lube Oils 

The principal source of lubricating oil is the fraction that 
is left after lighter components, namely gasoline, kerosene, diesel 
oil during crude distillation. Generally lubes have a boiling point 
above 350*^C and these are obtained as the main products from 
vaocum distillation units. Residuums, after precipitation of 
asphaltenes are known as bright stocks and form a gnod source 
for lube oils. 

2.3.8.1 Composition of lube oils 

Lubricating oils are composed of paraffins, naphthenes, 
aromatics and tmsaturated bodies. The chief molecular struc¬ 
ture of lubes seems to be naphthene rings or naphthenes and 
aromatic rings arranged in groups of as many as six with 
paraffinic side chains. The more such chains the more paraffinic 
the oil is. Naphthenic crudes give more rings with less side 
chains. Normal paraffins (long chains) in this range are 
usually waxy in nature and have to be separated for maintain- 
ing free flow of oil. Thus a exude oil nth with paraffinic chains 
gives high viscosity index, less viscosity gravity constant and 
high stability lube oils. Depending upon Ihe services intended 
for, lube oils are classified. Nelson**® grouped the oils into 
seven categories as ^own bebw: 

(1) Machine and Engine Oils (Neutral oils) 

(2) Compounded Oils 

(3) Turbine Oils 

(4) Cold test Oils 

(5) Transformer Oils 

(6) Colour CHls (White Oils) 

(7) Corrosive Oils 

• 

2.3.8.2 Moc^iine oils & engine oUs 

These are all high viscosity index oils as they have to serve 
under varying temperatures. Medium viscosity oils are suitable 
^ for most of ffie industrial applications, how viscosity index oils 
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are suitable for compression ignition engines, Aircraft engines 
require a very high viscosity index oils. These oils are further 
subdivided into straight, premium, heavy duty, etc. depending 
upon viscosity index and servicable temperature. These oils 4so 
include spindle oils of (HVI). These are produced from HVI, 
neutral or bright stocks. Cylinder oils are also HVI grade oils, 
but at*® present our country does not produce th«n. The avail¬ 
ability of bright stock and HVI neutrafl is at present satisfactory. 

Marine grade oils are required to meet critical necessities of 
performance. Thus, these stocks are produced in our country 
as blends from indegenous and imported oils. Aviation oils are 
also special grade oils; such oils are not produced in India at 
present. The oils which are used in different services are shown 
below : 

HVI oils for planes, high speed operations 

MVI oils for petrol, diesel and stationery vehicles 

LVI oils for light equipment. 

In fact no single oil is suitable for all types of applications. 
This has called for blends of multigrade culs. All multigrade oils 
contain viscosity improvers. As an example, a multi grade blend 
of SAB 30 and lOW, can have the starting viscosity corresponding 
to that of SAE.10W, while in operation it can show the charac¬ 
teristics of SAE 30. The trend of viscosity variation of such 
blend is shown in Fig. 2,21, 

2.3.8.3 Compounded oils 

These are lube oils fixed with animal or vegdab^e oils. 
These oils exhibit more wettalxlity characteristics whidh makes 
them suitable for steam engines, compressors and! quenching and 
tempering operations. Emulsibility is consideied to be more 
important than viscosity index of these oils. 

2.3.8.4 Turbine oils 

High speed machinery, such as steam turbines, electric 
motors riioutd have emu|rion-free oils. Extreme stability is 
reqiured for sudi mis. 
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2.3^.5 Cold test oUs 

These <»ls are mainly used in refrigeration and hydraulic 
systems, spedally designed for arctic dimates. Pour point is 
the major important thing compared to all other properties of oil. 

2.3.8.6 Colour oils 

These are industrial oris used m textiles, food and paper 
industries. Medidnal oils must be very thoroughly freed from 
colours and must have high stability. Depending upon the appli¬ 
cation, the concentrations of sulfur, aromatics and resin bodies 
are fixed. 

2.3.8.7 Corrosive oils 

Some oils are blended with corrosive ingredients. These are 
used in cutting, shaping of metals. Heavy duty oils and extreme 
pressure lubes are of this category. 

Above classification by service is no doubt suitable for 
almost all applications. Physical properties are to be induded 
for a tedmical classification. Accordingly SAE classification 
and Bureau of Ships dassification have come into service, which 
set forth the physical parameters for application. 


SAE Classification for Crank case oils** 



(Viscosity in c s.) 




Viscosity range 



SAE No. 

at -18®C 

at +90®C 


Min — Max 

Min 

— Max 

5 W 

1,300 



low 

1,300 - 2,600 



20 W 

2,600 — 10,500 



20 


5.7 

< 9.6 

30 


9.6 

< 12.9 

40 

- - 

12.9 

< 16B 

SO 

- —. 

16.8 

< 22.7 


As lube c^s are made for a wide variety of app^cations it 
is Dal possible to make a single pfoduct to meet all the require* 
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ments. As a consequesice lubes are formulated for a particular 
a^licatioti!, hence large formulatioos are indubitable. 

Whatever may be the special formulatkai, all lubes are to 
be submitted' to tests, as given below : (Special tests are not 
mentioned here) : 

(a) Flash point (c) Viscosity and Viscosity 

index 

(b) Pour point (d) Oxidation stability 

(e) Carbon residue 



Fia 221. Viscosity Variation of multigrade 
oils vitli Temperature 


2.3.8.8 Carbon Residue 

The propensity of cracking is indicated 1^ carbon residue of 
the oil. Heavy oils being delicate to high temperatures, have a 
tendency to crack, with deposition of carbon. Lube oils are often 
subjected to such hazardous temperatures. The amount of 
carbon formed during cracking does ultimately provide an idea 
of usat^ity of oil at high temperatures. This test is condiucted 
by two methods namdy Conradson method (IP13/66) and 
Ramsbottom method (IP 14/65; IS : 1448 P : 8). , 

2.3.8.9 Canfwimn method 

A sample of 10 gms is taken into a silica-crucible and heated 
out of contact with air. The set-up provides the necessary pre¬ 
cautions, such that the oil is thermally decomposed out of oon- 
tanct with air. The decomposition is brought by means of high 
heating rates. As the heati^ continues fumes appear at the 
chimney top. The fumes are burned and beating rate is adjusted 
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such that the burning sustains, but the flame is never allowed to 
cross the bridge of the chimney. (See Fig. 2.22). After the 



• FORCCELAIN CRUCIBLE 2»-31 ml copaCliy 
k. IROM CRUCIBLE (SKID.MOREI 6S-S2ml coMCily 
c SPUN SHEET IRON CRUCIBLE 
Tt'IS mm 0. 0 t SO*tO mm htlgM 


4. HOOO 


t. BRI08E 


Ftc. 2 22. Conradson Carbon Residue A|^)aratus 


burning of the fumes further heating is continued. Afterwards, 
tile set is cooled and the silica crucible is weighed to get the 
■wtoight of carbon deposited. Expressed in percentage gives Con¬ 
radson carbon residue. 

Prescribed heating rates : 

Initial heating (Fumes appear and capable to bum continu¬ 
ously, when ignited) 

Pre-i^ition period 10±1.5 miiu 

Burning of fumes (Burning of fumes vdthout crossing 

the bridge of chimney. 

13±1 min 

Strong heating (For complete decomposition of oil) 

7 nun 

time 30rfe:2 
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If the above schedule is unable to be followed, the burning 
period of fumes should onty be taken into account. Very high 
rates of heating are required to keep up the schedule. 


2.3.8.10 Ramsbottom metiwd (Fig, 2.23) 

In this method the sample is carefully fed into a glass blub 
which has a capillary end. The bulb is kept into a heating bath 
kept at 550°C. The sample is allowed to decompose for 20 
minutes. After heating is over the bulb is cooled and weighed 
to find the carbon formed. Amount of material to be taken is 
inversely proportional to coking tendency of the oil. 


Expected Carbon 
residue 

2 % 

2—4% 

4% 


Size of sample for 
experimentation 

4.0 gms 
2.0 gms 
1.0 gms 


Best quaility of oils give less carbon residue under service¬ 
able conditions. Conradson carbon residue of this should not 
exceed 0.2 to 1.0%. Parafifin oils give less carbon residue com¬ 
pared to naphthenic oils. 


2.3.8.11 Oxidation stability 

This test reveals the deterioration characteristics of oil on 
oxidation. Oils are generally in contact with air and hot sur¬ 
faces, thus oxidation is inescapable. Higher paraffins are easily 
oxidised compared to naphthenes and aromatics. Major amount 
of lube oil is paraffin, which is more prone to oxidation. In 
the laboratory the test is conducted (IP—48/62) by passing air at 
a rate of 15 litres per hour through a sam{^ of 40 ml kept 
at 200°C for 6 hrs. Second oxidaticm period for another 6 hrs. 
at the identical conditions for the same sample is carried out. 
After oxidaticm periods are over, the sample is cooled and its 
viscosity and carbon residue are found out and compared with 
the original sample. Papers on the chemistry of oxidation of 
fuels and its inhibition have been authored by Betton^ et al^* 
and Lod Wick." % 

9 (4S-15S/1982) 
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All oils of high boiling points are susceptible to this natural 
oxidation whidi proceeds hy free radical mechanism. So, inhi¬ 
bitors prevent the free radical chain propogation and increases 



Fig. 223 Ramsbottom apparatus 

the resistance of oil to oxidation. All oils in general are 
blended with such additives. 

Adlditives and their functions in lube oils are presented in 
Table 2.11. Additives supplied by different companies also 
accompany in Table 2.12. 

2.3.9 Transformer Oils 

These oils are used in electrical industry mainly for insulat¬ 
ing, cooling purposes ; additionally these oils protect the equip¬ 
ment from moisture compared to vegetable or ooal distillate mis, 
petroleum oils are found to be more suitable because of high 
viscosity, thermal stability & hydrophobic nature. Petroleum 
dUs used in ejlectrical industry fall into two categories***; Oils 
in transformers & circuit breakers etc. belcmg to one class ,* other 
dess of oils are gei^rally used for impregnating cabl^ ic papers 
used in electrical industrjH Oils used in transformers are low 






131 


* PETSOLEUM PROCESSING DATA 

viscous, thermally stable but having high boihng points, in close 
langes. Second type oils are highly viscous and act as insula¬ 
tors only. The deterioration of these oils in service is closely 
connected with the oxidation characteristics of oils. Oxidation 
products are mainly acids which cause sludge formations. 

Importants tests for transfonner oils 

(1) Acid value (ASTM D974) 

(2) Dielectric strength 

(3) Flash point 

(4) Pour point 

(5) Sludge value 

(6) Copper corrosion test 

2 3.9.1 Dielectric Strength 

High dielectric strength is required for oils employed for 
insulation purpose. Even though high electric strength does not 
give any indication of degree of refinement of oil or oil con¬ 
taminants, it ensures the freedom of oil frcwn water and other 
adventitious matter. Electric strength or break down test is per¬ 
formed by increasing the voltage at a rate of 2 KV/sec in between 
electrodes of 12 5 to 13.0 mm dia. which are placed at a dis¬ 
tance of 2.5±0.1 mm. The cell capacity is usually between 300 
to 500 ml. The voltage is continuously raised until break down 
takes {^ce. A satisfactory oil test (IP 20/73) should show 
a break down strength of around 120 KV/cm. 

2.3.9.2 PermUtivity (dielectric constant) 

It is the ratio of capacity of a capacitor in which oil is di¬ 
electric ; to the capacity of air when this acts as diejlectric. The 
range of pennittivity should lie between 2.1 to 2.3. 

2.3.9.3 Sludge Value 

Oils contain some products which give rise to sludge for¬ 
mation. Sludge value is found out by precipitating insolubles 
with heptane. This test is performed before oxidation of the oil 
and after oxidation of the ml. High ^udge formations indi¬ 
cate the negative quality of oil,.which also indicates the high 
percentage of oxidative products. 
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EaittUdfim (when emulsions Sulfonates, naphth^'nk 
ait! reQiured}. acids, mono alkj^l aminn 

borates, Lithium soaps. 



PETROLEUM PROCESSING DATA 


135 


TABLE-2.12 

AonrnvEs supplied by dipfebent Companies 


Gasoline anti-oxidants ; 
Ethyl Corporation 
701 
Dupont 
AO-S 
Lubrizol 
803 
Amoco 
533 
UOP 
No. 85 

Meta] deactivators 
Dupont 
D M D 

Lubrizol 

Ethvl Corporation 
M D A 

Corrosion inhibitor 

Dupont 

AFA-1 

Petrolite Corporation 
KONTROL-157 


Chemical 

2, 6, di, tert, butyl 
phenol 

n-n bulyl-p-amino 
phenol 

2, 6 d|i-t-tutyl 
p-cresol 

2, 6 di-t-butyl 
p-cresol 

dioctyl-p-phcnylene 

diamine 

N, N’ disalicylidene 
1, 2 diamine pro¬ 
pane 
-do- 
-do- 


alkyl amino 

alkyl phosphate 
Not known 


Quantity 

1-4 Kgs/1000 Barrel 


1-5 

-do- 

2.5 to 10 

-do- 

2 5 to IS 

-do- 


0.1 to 1.5 

-do- 

0.4 to 12 

-do- 

0.2 

-do- 


0.5 to 10 -do 

02-0.4 T 
0,2 T • 

0.2 T 
02 T 

gasoline to PbsCPOils 

2.5 to laS Kgs/lOOO B 
L75 -do 

Vol. % .02 to 0.1 


Ignition Controls 
Amoco ' 

541 

Ethyl Corporation 
KC-l 
ICC-4 

Monsanto 

CDP 


Phosphorus 
Compounds 
Bis-thiono 
phosphate 
Tery methyl 
phosphate 
Gresyl diphenyl 
phosphate 


(T ; theoretical requirement to convert lead in 

Detergents : 

Amoco 

572 

Lubrizol 

580 

Antidngs DMF 

Dupont 
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Multiftmctionals 

Dupont 

DMA-4 

DMA-5 


Biocides 
Phillips 
PFA 55 MB 
Sohio 


TABLE—212 (Contd.) 

Chemical Quantity, 

Amine salts of alkyl 2.5 to 10 Kgs/1000 B 
phosphates 

DMA-4 plus cresyl 5 to 45 -do- 

diphojyl 
phosphate 

200-1000 PPM 

Biobar JF 135-270 PPM 
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2,3.9.4. Copper Corrosion Test 

The use of copper in electrical industry is immense, hence 
the attitude of oil towards copper should not be calamitous. 
Satisfactoriness of oil can be verified by heating a copper strip 
in oil for 3 hours at 1(X)®C and observing the copper strip. 
Discoloration of the strip is direct indication of corrosiveness of 


the oil as given below : 

Appearance of Sample (Copper strip) 

Light Orange, looks like a fresh one — (1) 

Dark Orange to red or multi coloured — (2) 

Multi coloured with greenish tinge — (3) 

Dark grey to black colour — (4) 


International Electro Technical Commission (lEC) test in¬ 
volves the blowing of air through oil at 150°C for 45 hours m 
presence of copper strip. After oxidation, the oil is tested for 
acidity and sludge. 


Indian specifications of transformer oil is given below: 


1. Sludge value (Heptane by wt) 

2. Acidity mg KOH/gm 
after oxidation for 164 hrs 
at lOQoC 

3. 'Electric strength one min. 

4. Saponification value mg KOH 
per gm in oil 

5. Acidity gm KOH/gms of oil 

6. Viscosity at 27°C CS 

7. Pour point °C 

8. Flash point °C (Pensky 
Martin Apparatus) 

9. Copper strip corrosion 
(at 100°C for 3 hrs) 

10. Resistivity at 90°C 

ohms ems 
at 27‘»C 


1.2% Max 

0.4K(OH)/gm 

(fresh) 

2.5 Max 
40 K.V. 

« 

1.0 Max 
0.03 

27 Max 
—10 Max 

140 minimum 

Not more than 1 
laXlO^a rain 

500X10» 

0.89 max 


11. Specific Gravity 
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2.3.10 Bitumen 

Bitumen is the residual product obtained from.crude dis¬ 
tillation unit. It is essentially solid at room temperature and 
has got very high viscosity. Asphalt is usually a mixture of 
bitumen in oil, containing much mineral matter. Bitumen natural 
deposits are also available; famous Trinidad pitch lake is such 
a deposit Bitumen obtained from the distillation column is poor 
in qualities. This has necessitated air blowing of bitumen to 
obtain suitable grades. Most of the bitumen is used in high— 
way constructions, waterproofing and coatings works. 

Bitumen is specified by the following two tests 

(a) Softening Point 

(b) Penetration index. 

These two tests do not describe tlie properties of bitumen 
completely. Other tests like viscosity, volatility, durabijlity. 
ductility are necessary for obvious reasons. Outlines of these 
tests and significance are mentioned below: , 

2.3.10.1 Softening Point (ASTMD 1398 IP.198 Ball & Ring 
test) 

Bitumen being amorphous does not melt sharply. The 
softening point is found out by the Ball & Bing Test. Bitumen 
is first melted and casted into discs of two numbers in standard 
rings. A steel ball weighing (3.5±0.05) gms (dia 9.53 mm) 
is kept on eadh casted disc of bitumen. The whole stand carry¬ 
ing these two discs with baiUs is immersed m a water or glycol 
bath. As the heating proceeds, softening occurs. The tempera¬ 
ture at which the sample detadies from the die and falls; indi¬ 
cates its softening point. The two samples from such rings are 
supposed to fall within a difference of 5 seconds. Higher the 
softening point, the better is ccmsistency of bitumen. (See 
Fig. 2.24). 

23.10.2 PeneHnOion Index 

The hardness or penetration quality of bitumen is assessed 
by this test (IP 49/72). 

A standard needle is allowed to penetrate under a load of 
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100 gms, through a sample kept at 25®C for 5 sec. Distance 
travelled under those conditions indicates the consistency of 



Fig, 224. Smoke point apparatus 

sample. The distance (easily) travelled would naturally 
depend upon its load, and softening point. More penetration 
index naturally impairs the surface applications, where hardness 
IS sole criteria. 

2 . 3 . 10.3 DucHlity (D 113) 

Bitumen must possess good ductility, when it is used in 
surface application. The ductility is measured by a ductilometcr. 
Ductility is a measure of the capadty of bitumen to elongate or 
stretch. This test is carried out by pulling a test i»cce of l»tu- 
men of standard dimensions at a uniform rate (5 cm/nun) 
keeping sample at 25®C. Higher capacity for elongation indicates 
that the samjrfe is having a high ductility. 

Other tests like viscosity, boiling point, ash content arc 
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desirable. Suitabjle solvents are added to solubulise the bitumen 
and then applied over the surface, when the solvent evaporates 
a fine layer of bitumen appears. These type of bitumens are 
called cutback bitumens. These cutback bitumens, after ful>l 
curing period must possess the same properties as the bitumen 
from which th^ are made. 

Indian specifications of bitumen are given below : 



IS SPECinCATIONS 
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PROBLEMS 

1. Draw the ASTM distillation plots of marketted gasoline 
and kerosene. Convert these plots into EFV lines at atmospheric 
pressure and see whether there is any continuity, if not find the 
overlap. 

2. (a) From the given data, draw TBP graph and asses the 
qualities of different fractions. 

(b) Convert TBP curve to E F V curve for the above crude 
at 150 kg/cm®. 

Jenni. Indonesian crude 
API: 2B.8 
P.Pt : 41®C 
Sulfur wt: 0.11% 

Vis. cs. 

60®C: 56.1 

45°C: 128.1 
Sal Kg/1000 bbl: 70 

Wax. wt% 23.8 

C.R. 8.1% 

Light naphtha 

c,-ioooc 

Sp. grv. 


2.6% by vol 
0.701 
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Paraffins% 

62 

Naphthenes% 

30 

Aromatics% 

8 

RON 

70 


Naphtha 

100-155°C 3.0% by vol. 
sp. gr. 0.755 
Parafltos% 46 

Naphthen€s% 43 
Aromatics % 11 


Kerosine 

155-295°C : 13.4% by vol. 

Sp. gr. 0.813 

Aromatics vol. % 15.5 
Sulfur wt. 0.04% 

Smoke point 19 


Heavy distillate 
295~350°C 
Sp. gr. 

P. Pt. 

Diesel index 
Catane no. 


7.3% by vql. 
0.834 
15.6°C 
72 
66 
0.08 


Sulfur wt. % 

Visoosity(CS) at (38°C)-5.53 


Residual oil 
More than 
Sp.gr. 

P. Pt. 

Sulfur wt. % 

Vanadium Nickd Irwi PPM 
Viscosity at 80°C 


350°C • 72.9% by vol 
0.915 
58°C 
0.12 

1.6/0.6/24 
280 (cst) 


3. (a) Estimate the gross calorifk value of a kerosene 
fraction having an API gravity of 48 from cq. 2.13. 

(b) Estimate the heat energy required in raising the tern- 
perature from 35^C to 82°C. The fraction has a cubic arrange 
boiling point 204.5°C. (useeq. 2.11 and Fig. 2.6(a)) 
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(c) If this fraction were to vaporise completely, find thff 
specific heat of fraction in vapour phase (useeq. 2.12). 

4. A natural gas having a calorific value of 43.4 MJ/M* 
and density of 0.632(gms/lit) is allowed to bum at 5 milli bars; 
a replacement with another gas of 25 Wobbe number is sou^^t 
Fhid the pressure at which the gas should be combusted ? 

5. 3000 kilo liters of gasoline of 74 API has to be stored 
in a tank of suitable capacity tmder varying temperatures of a 
maximum fluctuation 22^C. Assuming an average temperature 
of 25°C design a suitable storage tank. Find the breathing losses. 

6. (a) 150 Neutral oil, is having a viscosity^ of 

Find the viscosity index (consult IP tables for getting stand* 
ard value of L & H). 

(b) From its VGC value classify the nature of oil (API 
gravity 30), 

7. Estimate the viscosities of toluene and ethylbenzene, by 
Souder^s method at 25°C. 

8. Find the vapour pressure of a, chlorinated m ethane at 
120°C using Ciaus»us-~Clap^ron equation. 

B.P. 76°.7C 

Latent heat of vaporisation at boiling point: 7140 Cals 
per gm ifiole (Ans ; 1440 mm Hg) 

9. Vapour pressure of a hydrocarbon is represented by the 

4Q 

following eqn. log P(atm) = —;p|^-+8.05 

Calculate the latent heat at one atmospheric pressure and 
boiling point 165°K (neglect liquid volume). 

(Ans. 1200 Cals/g.moie) 

10. The thermodynamic properties of a gave the 

following values at 32®C and 3 Kg/cm*. 

Density of liquid = 0.5635 gm/ca 

Density of saturated vapour = 0.(X1756 gm/cc. 

Latent heat of vaporisatioo » 852 gm cal$/gm. 

10(45*-15V1982), 
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The vapour pressure as a function of temperature was found 
to be represented by the equation 

log P(atm) = o+-^-+l.7S log T+CT 

where T = °K 
a = 1.756 
h = -1337.8 
c = 0.004 

with the aid of Clapqrron equation test the consistency of the above 
relation. 

11. Explain how ATF differs from aviation gasoline. 
What are the additives required for a good ATF ? 

12. (a) What are the different additives used m gasoline 
and diesel oils ? 

(b) Explain the effects of paraffin rich ruel in spark igni¬ 
tion engine. 
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evaporation. This has been to some extent been aEeviated by 
fixing vapoui; psressure, which is furnished by entire boiling stock. 
Farther, evaporation losses can also be rejlat^ to vapour pressure. 
When gasoline tanks are fiiUed up, the vapour that occupied the 
tank has to be displaced and losses due to such kind of phStio- 
emenon are called 'breathing losses’ whidi are inevitavie in ajU 
filUing operations. Breathing losses are in addition to evapora¬ 
tion. losses due to ambient temperatures. (Tabjle. 2.4) with all 
these considerations, to ease starting, winter gasolines and summer 
gasqlines are produced to satisfy the seasonal specifications. 
Rate of acoelerationi fojUows after the starting operaticxn whidi 
is best judged by the mid region boiling range (say 30-60%). 
Rapid warmup is not very essential. It is generally influenced 
by prevailing weather conditions. Warmup period is defined as 
the time required to develop fully the engine power. Usuajl 
rimning of engine to 6-8 Km, should be a weljl considered warm 
up period and this is closely governed by % distilled at 70°C, 
with reference*® to minimum ambient temperature as shown 
below : 

% Distilled at 70°C 3 11 19 28 38 53 

Minimum ambient 

temp, in 26.7 15.6 4.4 6.7 -17.8 -29 

This explains that 11% should be distillled at 70^C, if the ambient 
temperature is 15.6®C, for maintaining the required warm up. 
Evaporation losses and vapour locking are guided by RVP and 
ambient temperatures, as shown below : 

Ambient ‘ 

Tepm. ®C 15.6 21.1 26.7 32.2 37.8 43.3 48.9 

Max. RVP 12.7 11.0 9.4 8.0 7.0 6.0 5.3 

(lbs/in») 

(kgs/cm») 0.879 0.782 0.66 0.56 0.496 0.423 0,38 

ASTM distililation curve dosely reaveals the foWowing ; 

If 10% boiling point is low; then 

Flash point, — low 

Ease of starting, — excejUent 

Vapour losses, — very high 

Vapour lodcing, high 
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30-60^ boiling point range givns infonnation on 
(a) Warm up period (b) Good evaporation 
If the range of boiling point ia hi^ gasoline will not be 
evaprnnttng normally. If 90% boiling is high, then crank case 
dilution also increases as the fuel is not volatile at the working 
conditions of carburrettor (Fig. 2.16). 



*/• distillation 


Ftc 2.16 ASTM Distillation Characteristics 


2.3.2.2 Reid Vapour Pressure {IS : 1448-39) 

Vapour pressure of aljl volatile fractions is measured by the 
above apparatus at (38°±0.1®C). The apparatus consists of two 
chambers. The lower chamber is in the form of cylindrical bomb 
for holding the test sample. Above this, there is air chamber 
which IS a hollow cylindrical spacc^ designed to possess four times 
the bomb volume. The top portion of the chamber is fitted with 
a bourdon gauge for pressure indication. For the test, the bomb 
is first filled with the sample up to the brim and immediately the 
valve is dosed and connected to the air chamber. The apparatus 
is now immersed in a water bath kept at 38'^d:0.1^C. The maxi¬ 
mum pressure indicated by the gauge is counted as the Reid vapour 
pressure of the sample. LPG, gasoline, naphthas, jet fuels are 
tested like this. It is found that true vapour pressure in most 
of the cases is higher than the indicated RVP, and. the variation 
for different fractions is different Maximum difference is indi¬ 
cated in case of crude oils. Relative expression True vapour 
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pressure to RVF is also sometiines indiicated and for gasolines 
it is in the range of 1.03 to 1.45, while for crudes it goes upto 10, 
During testing, the following correction is applied for aoco* 
modating the change in water vapour pressure corresponding to 
temperature variation from air to bath temperature. 

Correction : —(Pyp^) 

where, —atmos. pressure, P*—^vapour pressure of water at f°K, 
t —air temp. T —^Temp. at which test is done ®iC, Pr—vapour 

pressure of water at T^K. 

Volatility tests are intended for smooth performaince of 
engine under all weather. The importance can be judged by U.S. 
Volatility. 


Table 25 

U. S VoLAmiTr Trends of GAS(a.iNE 


Regular Premium 

Wmter Summer Vnhter Summer 

1956—1966 1956-1966 1956—1966 1956-1966 


Reid vapour 0 773 

0822 

0605 

0633 

0773 

0836 

0619 

0639 

pressure 

10% Evapo¬ 
ration 47 3 

433 

539 

517 

468 

433 

533 

51.7 

Temp "C 

50% Evapo-* 
ration 100 

933 

104 

979 

984 

989 

1036 

102 


Temp ‘C 


2.3.2.3 Octcme Number 

Octane number is defined as percentage volume of t-octane 
{2, 2, 4-tnmethyl pentane) in a mixture of i-octane and 
n-heptane that gives the same knocking characteristics as Ihe fud 
under consideration. Knoddng is due to untimdy burning of 
fuel in a spark ignition engine^ which results in loss of powoc 
and sometimes it is powerful enough to cause damage to engine 
parts. With the advent of petrol engines of high compression 
ratios the tendency of knocking has also increased. Knoddng 

7 (4WS5/1982) 
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ii tnaitily diue to two reasons^ one assigned to engine and tJie 
other to fueji. The fud part is only dealt here. Being a blende 
gasoline responds in different ways, even in the same engine, 
depending upon the components present. Iso-paraffins and 
aromatics have high octane numbers while n-paraffins have very 
low value (heptane 0), unsaturates do have high octane values 
but not prefened due to gum contribution. Naphthenes usually 
he in between i-paraffins and aromatics. Even among n-paraffins 
also the octane numbei of the lower carbon series is very high 
(methane has 104) and that is the reason why natural gasolines 
or LSR (Cs-lOO^C) have high octane ratings. Octane number 
is influenced by different factors hke speed of the engine, 
ambient weather conditions, altitude, combustion chamber deposits 
and coolant temperature. 

Knodc rating is tested by CPR Engine for different purposes 
and the conditions of test are furnished below. 


Method Research 

Motor 

Aviation 

Aviation 

supercharge 

Designation CFR ¥% 

F, 

Fa 

F4 

Engine rpm 600±6 

900±9 

1200±12 

1800±45 

Air intake °C 75±1 

38±1.4 

75±2 

75±2 

Coobnt temp. 100±:1.5 

lOOdil.5 

140±5 

140±2 


Motor method (P. 26. ASTM D357-58) gives the octane rating 
of high way dnving (high speeds), while research method (P. 27, 
D 908-58) gives for city driving (low speed) conditions F, & 
F« methods are for aviation gasolines. 

Some additives like tetraethyl or methyl lead are extensively 
Uended into gasolines to boost the octane number. 

Octane number estimation for leaded gasolines was furnished 
by McCoy®^ as 

Octane number = A(% aromatics in fueI)+B 
whete A & B ane constants. 

After analysing vast data, the above relation was formulated. 
Xbtn^tane number variation with aromatics resulted in a straight 

MfnA A and B are the slope and intercept of such a Ime. 
Athbte etmditioiis*»Octane8** number: 

Ahy mgjltie dunng service haa to enewter diffemit weather 
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coaditions. For smooth rtumizig it h better to IkdjiUfit the 
octane rating of the fuel under such circumstances. 

Attitude: With increasing altitude a fuel of less octane value 
is satisfactory. For every 100 meters increase in altitude 
drop of one unit RON in fuel quality is allowed. 

Humidify 

The performance of the engine is again responsive to humidity 
conditions. Engine working on high humidity conditions require 
less octane fuel. For an increase of 10% humidity at 25*^C a 
drop of 0*5 RON in fuel quality is permitted. 

Engine Speed 

High speed engines require low octane value fuel. For an 
increase of 300 RPM in an engine speed, a decrease of one unit 
RON of fuel quality is permissiUe. 

Air temperature 

Cold countries require less RON fuel than hot countries. 
With a rise of 12*^Cm air temperaturei an increase of one RON 
in fuel is required to compensate the effect of air intake tempera* 
turo. 

Coolant temperature 

For every 6®C increase in coolant temperature, the engine 
demands an increase of one RON in quality of fuel as essential. 
By this one can judge the importance of coolant. 

Spark advance 

This is purely a mediamcal adjustment requiring 1.5 RON 
increase for 1° advancement of sparking. 

Combustion chamber deposits 

Running of an engine over sufficiently kmg periods, invariably 
results in deposits. It is essential to increase the octane number 
of fud by one unit for 5000—10000 km of running. 

Alkylated gasolines and reformed (catalytic) gasolines have 
high octane numbers. While polymer gasdines oontribtite to 
medium extent (60-80) RON» ga^nes produced by cracking 
and hydrncrackmg tectoiques yield about 60 RON. The light 
ends.ol any gasoline produced hy thermal decomposition of higher 
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stocks give good value RON, still tbey are not preferred because 
of the large quantities of unsaturates. 

2.3.2.4 Oxidatioti—Stabiiity (Gum content) 

Motor gasolines are often stored for six monthe or even 
longer before use. So it is essential that they should not under¬ 
go any deleterious change under storage conditions. Further 
gasolines should remain free from deposits during discharge from 
the fuel tank of a vehicle to the cylinder of its engine, otherwise 
these harmful deposits are built up in the tank, fuel lin^ and in 
valves and cause extensive choking. Gasoline manufactured by 
cracking processes contain tmsturated components which may 
cncidise during storage and form undesirable oxidation products. 
An unstable gasoline undergoes oxidation and pqlymerisation 
under favourable ambient conditions, forming gum, a resinous 
material. This in early stages of formation may remain in solu¬ 
tion with gasoline but due to further chemical changes may be 
precipitated. 

Gum formation appearh to be the result of a chain reaction 
initiated by radicals such as peroxides and catalysed by the 
presence of metals, particufariy copper, which might have been 
lacked up during refining and handling operations. 

This deterioration of gasoline can be eliminated for a subs¬ 
tantial period of time by addition of small quantities of antioxidant 
additives known as inhibitors. Inhibitors retard the oxidation 
of the olefin constituents of the fuel. Some such inhibitors are 
normally phenols or amine compounds, and small quantities 
between 0.001 and 0.02 percent by weight are usually sufficient 
to ensure good stability. 

Gum is of two kinds, one is known as existent-gum (pre¬ 
formed) while the other is called potential gum (ultimate). 
These two gums are estimated by two different methods. 
Exist^t gum, as already available in solution, is to be separated 
by evaporation of the volatile gasoline. This is estimated 1^ 
ASTM D381; IP 131 test. In this test, a sample of 100 ml. is 
evEpiOrated with the aid of a heated jet of air, while the sample is 
znilkliaiited at 160-166^0. After the evaporation of the sample 
the residue is weighed. Usually giun content should not exceed 
6*10 miUigminR per 100 ml. of gasoline. 



PETKOLEUM EROCESSIHQ OAtA 


101 


Potentia! or ultimate gum content of the gasoline is evolved 
by oxidising the sampjle with oxygen under restricted conditions> 
thus assessing possible gum formation during storage. 

Induction period for gum formation is estimated by Bomb 
method (ASTM D525 ; IP 40 : P. 28). This employs an atmos¬ 
phere of oxygen at initial pressure of (7 kg/cm*) over the test 
sample of 100 ml. in a specially designed bomb. The bomb is 
fitted with a pressure gauge for indication of pres.sure, another 
connection is provided for feeding oxygen. The bomb and its 
contents are kept in a water bath and heated continuously at 100°C 
till the test is over. Due to slow oxidation gum formation 
begins and the pressure of oxygen in the bomb sjlowly falls. The 
lime required for fall in pressure by 0.15 kg/cm* within fifteen 
minutes is taken as break point. The difference in time from 
placement of the bomb to break point is the required induction 
period. More induction period means more the stability of gaso¬ 
line, hence less chance of gum formation. A minimum figure 
of 240 minutes usually ensures satisfactory limit for storage. 
Induction period in hours is equivalent to months that the gaso¬ 
line can be stored under commercial terms. Further, extent of 
inhibitor (additives) to be added is guided mainly by induction 
period. 

2.3.2.5 Sulfur 

In addition to corrosiveness and pollution, sulfur compounds 
are extremejly harmful to the susceptibility of gasolines to tetra 
ethyl lead .(TEL) More TEL is required if sulfur components 
are present in gasolines. The effect of overcoming sulfur com¬ 
pounds xs done by adding more lead. The effect of sulfur 
on lead can be predicted by the relation given as : 

L = “»-r“xicio 

Oo 

where, = TEL present in gasoline with sulfur oompoxinds 

a = TEL present in gasoline, free of sulfur compounds, 
L ^ % TEL excess required to boost the octane number 
of sour gasoline to the same extent as sweet gasdine. 

Sulfur is also termed as noncorrosive sulfur, provided the 
sulfur exists in alkyl disulfide form only. Most of the sulfur ia 
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linide i$ cooiceiitmtQd in lieavi^ fraiotions, ltgfal«r fnurtim f«qaire 
relatively less cuml^ersoine treatment tedmiques. TQtal sulltir ia 
estimated by bomb method (IP. 6/60, P, 33) or lamp method! 
(P: 34) and mercaptan suilfur aS silvermereaptide (P< 36 : IP 
104/53), 

2.3.3 Anpmvfis for Gasoline 

While modem gasoline engines have been designed for effi- 
dent use of gasoline, stiljl, gasolino engine operation is not 
entirely trouble free. Complete combustion of gasoline in engine 
is rare, Motor oils used for lubrication cause deposits in the com- 
bustion chamber. These deposits (presumably of high carbon ring 
oompoun^ds) enter the crank case of the engine to form lubricating 
oil sludges along with unbumt gasoline Other source of trouble 
is effluent throuh positive crank case ventilation which causes depo¬ 
sits in the delivery end of the curburettor. Thus a dean combustion 
is remote; hence additives are preferred to reduce the deposits as 
well as pollution beitches. The effect of sulfur in different forms 
on lead requirement is presented in Figs. 2.17a & b, c & d. 
Different types of additives are blended into gasoline, infact 
in all petroleum fractions, to give uninterrupted and smooth service, 
Additives for different functions are classified as follows : 

1 Anti-icmgs and detergents 

2. Inhibitors for (a) corrosion (b) oxidation 

3. Combustion aids 

4. Anti-knocks 

5. Colours and dyes. 

2.3.3.1 AnH^cings and detergents 

During cold and wet vireather, spark ignition engine has a 
tendency to stall tHil the combustion chamber is fairly warmed up. 
I^rmation of ice crystals Ix^ins when the amlnent temperature 
^5 to 10®C, at a relative humidity of 65%. This phenomenon 
It bbiietved even vdtcn gasoline is free of moisture, so, obviously 
ItinlttUfe is contributed by air. During vaporisation of fud in 
there is evidently a. good temperature dfrop. These 
ttsiilt in uninvited formation ice cry^s. Por 
of thete^ formations, additives like mono 

dihm nniiteoll^ proponal art added. 
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It IS true, where tziit>vmg parts are present a timdy lubrica« 
tion is demanded Carburrettor detergents take care of smooth 
function Of carburrettor. For free piston movements j rapid 
erosion of deposits in combustion chamber, lubricants and some 
scavengers are essential. The deposits are n]ainl3r due to decom¬ 
position of lube oils and carbon formations by frictional heat 
and combustion heat. 

Maleic anhydride, poUyamines, poly isobutylenes, phenol 
epichlorohydrin—aixune products are s<wne such detergents in 
service. As an example phenojl—aldehyde amine condensate 
products reduce the deposits by 73% just by addition^^ of 
63 ppm. Petroleum sulfonates are cheaply available additives 
for smooth lubncation 

Z3.3J2. Inhibitors {corrosion) 

Storage and transportation of petroleum products is unavoid¬ 
able, Rust prevention in these periods is essential. This is done 
by incorporating selective additives in products. These additives 
form a layer of coating on the metals and protect from rusting. 
Ammonium sulfonates, organo phosphoric compounds are such 
additives. Magnesium and silicon compounds are used for pre¬ 
vention of lead corrosion. 

Oxidation inhibitors 

Oxidation may be accejlerated by metallic impurities like 
Copper and its alloys unsaturates always luive an inclinatiiMi to 
react with atmospheric oxygen, leading to gum formation. This 
is due to free radicajl mechanism. Hence the inactivation or 
termination of these free radicals ensures inhibition to oxida¬ 
tion* Anti-oxidknts like jdienols, cresols, phenylene diamines, 
alkyl amino phenols serve the purpose. Copper corrosion can be 
prevented by addition of disalicyledine and aminopropanes. Gaso- 
Usysi stabilised with n-oxydaphenyjl amine was found to be without 
decoration, even after two years**. Without additives gasoline 
ahvMjdd tU3i be stored for more than six months. 

OfftH'lmstunt ^vls 

Th^ deports in theteombustion chambers often glow and cause 
the flWl to hum untimely and contribute kUKXkbg^ Boron com- 
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(organic) in smalt ainounts not only decrease the com¬ 
bustion deposits but also increase the effectiveness of antiknock- 
ing agents. 

Organo phosphorous compounds**^ can ajlso reduce surface 
ignition by forming a refractory layer and preventing glows. 
Phosphates of lead, having higher gjlow temperatures, really 
impressed the manufacturers to go for high compression ratio 
engines. 


2.3.3.4 Anii-knockmff Agents 

Tetraethyl lead is the most important of all the additives of 
gasoline. Though working mechanism is not convincingly re¬ 
ported, it is assumed to decompose into free radicals of organic 
nature and lead. The ions of lead try to stop the propagation 
of flame, thus establishing an instantaneous combustion, whidi 
favourably decreases the knocking effect, but pollution due to 
oxides of nitrogen increases. Further, lead compounds accu¬ 
mulate m engine parts. This has to be met by suitable scaven¬ 
gers like dibromomethane additive. With stringent poliutioa 
laws, refineries do produce unleaded gasolines of premitim and 
r^fular grades, Tetramethyl lead is also employed in place of 
tetra ethyl lead. Modem tendency is to add a single suitable 
additive that can take care of all these additives. One such 
additive gaming importance is methyl cyclopentadienyl manganese 
tricarbonyl. 

Si 

2.3.3.5 D^es 

Though dyes do ncM: have special contributions towards gaso¬ 
line properties, sti|l they are incorporated for obvious r^UKms, 
namely to identify, to asses if there is any deterioration in glased 
line during storage and to impart pleasing hues especially when 
cracked gasobnes are blended. PiiUc colour is used for automobile 
gasoline, while light blue colour is added for aviation gasoline. 
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QmmiUks of Addiihe^ 


Additive 

1. Anntiknodcs, TEL 

2. Anti oxidants 

3. Metal deactivators 
(salicyledene) 

4. CoiTOsipn-prev«titers 

5. Preigniticm prevontors/ 


Quantity- 

0—3 tnl/S liters 
1—-8 kgs/1000 bbl 
0.5—2 kgs/1000 bW 

10—50 ppm 
0 . 01 — 0 . 02 % 


Combustion aids 

6» Anti icing agents 1/2—1% 

7. Dyes and colours traces 


The specifications of gasoline are shown in Table 2.6. 


Table 2.6 SaEancAnoNS : Motor Gasoline, 83 Research 


SI. Characteristics 

No. 

Method 

Unit 

Requirement 

1 . Ccdour 

Visual 

•Pi^ 

Orange 

Z. Coptwr strip oorroston for 

3 hours @ 50°C 

P :15 


Not worse dian 
Na 1 

3. Density @ 15**C 

P :16 

g/ml 

To be reported 

4. DisHllatim : 

Initial Bmling Point 


•c 

To be reported 

Recovery upto 70'*Q Min 


%voI. 

10 

Recovery upto 125**^ Min 


%vol. 

50 

Recovery upto ISO^C, Min 


%vol. 

90 

Final Boiling Point, Max 


•c 

215 

Residue. Max 


%vol. 

2 

S. Octane Number (Research 

Method), Min 

P ;27 

— 

83 

6. Oxidation StabUily, Min 

P t28 

Mints. 

360 

% Residue on Evaporation, Mm 

P :29 

mg/lCOml 

1 4.0 

1 

Sdl^hur, Total, Max 

(Mr Jet 
l^lvent 
Washed) 
P :34 

9twt 

025 

A, Laid Content (as Pb), Max 

P:37 

gm/l 

056 

m 1 Ml Vapour Pressure @ 

* 

a?t;39 


070 
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2.3.3.6 Avkitkm Gasoline 

Gaaolme us^d in aircrafts has more stringnnt spectfiCAlioiis 
than motor spirit^ although^ it contains aS the additive meant 
for motor gasoline. Sulfur content and paraffin oontent are nxxe 
injurious to this fud, as the operation under—60®C is severely 
lu^pered due to ciystallisation of paraffin compounds. Sulftir 
is presumafaily kept below 0.05%, to eliminate the possible 
pollution and corrosion problems. With the advent of modem 
jet engines, the demand for aviation gasojline is gradually falling. 

Cracked products in aviation gasolines are not permitted due 
to their chemical behaviour of giving inimical deposits, i-paraififins 
and naphthenes are preferred and form bulk of constituents, 
n-paraffins and aromatices foillow. Aromatics (Max. 12%) 
are also not very much desirable (their presence is greeted 
very much in motor gasoline), as th^ do not possess high anti¬ 
knock characteristics under leant mixtures, their perfor¬ 
mance is excqllent during take off (rich mixtures). Iso octane 
and other alkylated products are in immense demand because 
they suit in cjlose boiling ranges of avaiation gascdine (35-— 
170°C) with high <xtane member. 

All the tests needed for motor gasoline are well applied to 
this also. As a special case the sum of 10% and 50% ASTM 
distillation temperatures must nut be less than 135^C This is 
required to control excessive volatility. Fmal boiling point is 
kept in the vicinity of l^O^’C. Reid vapour pressure is less than 
motor gasoline and is kept around 0.4 to 0,49kg/cm^. 

2.3.4 Aviation tuhbine fuels (ATF), Jet fuels 

Modem jet engines use fud similar to kerosene. It il a 
most fleidUe fuel in, its boiling range (upto 300^0* Alt 
properties which are desirable for kerosene are considered to 
be sufficient Pour point of this fueil is of eactreme hnportanoe 
and should not be higher than —30^C as intemational flights 
always visit lands of caprice dimates. High smoke point is 
essential for clean coiUbustion. Smoke Is oonlhibttted hy 
aromatics and is made of high Oarbon to hydrogen redo nmle- 
oules called carfadids ttduch can be cfi^tiii^slied Irem' oohe* 
Naphthenes have good smoke FQlht and Ititimbating ehareotes^ 
stks, hencse preferred in these fuels. To ebvate the sdidihh 
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point, aromatics should be either converted to naphthenes or 
t^ysicaUy removed^ It is thus required to' keep aromatics in 
limits o£ tolerance upto 20%. ITnsaturates estimated by 
Bromine number are kept below 5% to limit gum formation. 
Sulfur is fairly tolerated, unlike gasoline. Different aviation 
grades like JP—1, JP—2, JP—3, JP~4, JP—5 arc used in 
U.S.A, while m India twp grades K 43 and K 50 are prodliced. 
(See Table 2.7) 

Smoke point is an important property of jet fuejl. Some¬ 
times instead of expressmg the quality^ of jet fuel by smoke 
pmnt alone, it is expressed in terms of smoke volatility index 
dehned as 

Smoke volatility Index = Smoke point+0.42 

X(% distilled at 204°C) 

The advantages gamed by this expression are stiill not clear. 
The tests prescnbed for this fuel are 

(1) Volatility (ASTM) 

(2) Pour point 

(3) Smoke pomt (combustion quality) 

(4) Water retention and separating properties 

Volatility had already been discussed ; pour point and smoke 
point are discussed in the kerosene and lube oil tests. 

Jet fuels being denser and viscous than gasoline, they tend 
to retain fine particles and droplets of water for a oonsiderable 
amount of time. Although filtration system can remove fine 
particles, it is no use for water droplets, water doplets can be 
removed by either heating or adding demulsifying agents. 
Maximum permissible limits of impurites are for fine particles 
I mg/litre and moisture content 30 ppm. Free water m jet fuels 
can be detected by field kits like Esso-hydro kit, Mobel Moisture 
Xddicator. The standard water reaction test (IP 289) is used as 
In the case of aviation gasoline. The clanty of fud is measured 
hy {Mb d^ctric device. 

, hMoeaUe phenomenon during high altitude flights and at 

AfMa h that fuel gets charged. To disperse these etaUc 
nutistats are add^. 
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TABtE 2,7 


Addity in grams 
Aromatic % vol, max. 

Bromine number, max. 

Colur Saybolt, min. 

Copper strip corrosion 2 hrs. at 
Distillation 

(a) l.BP. 

(b) Recovery upto 20% 
by Volume 

(c) Recovery upto 20% 

(d) Recovery upto 50% 
by vol. 

(e) F.B.P. max. 

(f) Residue, % age vol. max. 

(g) loss percent by vol. max. 
Flash pomt min. 

Cold test temp. max. 

Residie on evap. max. mg/ 
100 ml 

Gum accelerated (16 hrs.) 
mg/100 ml. max. 

Cal. value Cal/gm. (min.) 
Density at 1S®C 

Sulfur by vol. 

Sujlfur, total, percmt by wt. 
K.V. at —17.8«»CT(CS) 

WAter fraction Cha^e in 
vpl, of ether layer max, 


Avtatian Turbmg Fml 


Grade 

Grade 

K43 

K50 

Nil 

Nil 

20 

20 

5 

S 

8 

8 

lOO^C. Not less than No. 1 

Not limited but to be reported 

-do- 


200°C minimum 


Not limited but to be reported 

SOO'^C 

300®C 

2 

2 

1.5 

1.5 

38°C 

38‘>C 

~40°C 

-S0®C 

3 

3 

6 

6 

10167 

1016 

0.775 

0771 

to 

to 

0.825 

0.82^ 

0.005 

O.OOJ 

0,02 

02 

6 

6 

1 ml 

1 Ml' 



uo 


MODERN mSOLEUM REFINING PROCESSES 


The paraffin ridi fuels can allow micro organisms to sur¬ 
vive, for this reason, when these fuels are allowed to be stored' over 
great period, biocides are added. Other additives are also used 
as in the case of aviation gasolines. Additives and their 


functions ^e presented below : 

Additives 

Poly sulphones 
Organic boron compounds 

Phosphoric compounds 

G|lycol, polybydric alcohols 


(Purpose) Quantity 

Antistats 1 PPM 
Bioddes (20 PPM element 
boron) 

Rapid (^mbustion aids in ram 
jets (200 PPM) 

Anti icing agents upto 1% 


For jet fuds adequate information has not been provided by 
smoke point alone; a better method is by prescribing lumino- 
meter number (ASTM D-1740). Satisfactory luminometer 
numbers for some grades are given as 


For ]F^ = 51 
JP4 = 60 
JPt = 75 

Further, the smoke point of fuql can indicate the percentage 
hydrogen content of fuel®’ as shown by the relation 
H 2 % — 12.99+0.04X (smoke point in mm) 


2.3.5 Naphthas 

These fractions are highly volatile and fall in the boiling 
range of motor spirits. These are mostly used as solvents in 
paints, perfumery and other industries. Solvent grades are pro¬ 
duced by distilling wide cut naphthas into small boiling range 
cuts. Naphthas are not suitable for combustion, because of the 
rapnd flame propagation, resulting in explosions. Cuts boiling 
bdow 80°C do not have any aroraati'cs, hence thdr solvent power 
is also less. Such fractions are sent for cracking operation. 
80-120*0 fraction is reformed to improve octane number and this 
goes RS a blend into straight run gasolines. , 

Oeoeral requirements of solvent naphdu9 are 

1. Almost water white in color 

2. Non-corrosive nature 
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3. High stability 

4. High solvent power (Kauri ButaiK>l test ASTM D1133) 

5. Low boiling point 

6. Low acidity 

Suspended impurities are removed by filtration. Solvent 
power is determined by Kauri Butnol number. The volume of 
solvent that cause a standard Kauri Butanol gum in butyl alcohol 
to become a 10 point type illegible when viewed through this 
solution. Another method of estimation of solvent power is by 
Anijline point. Harvey*®* Mills relationshi'p for KBN is g^ven by 

KBN = 99.6-0.806G-0.09912A+0.0755 (340-BX0.56) 
(For less than 50) 
where G =* Sp. Gravity 

A = Aniline point ®C 
B = Mid boiling temperature °C 

2.3 6 Kerosenes 

Kerosene is the general name applied to tlie group of 
refined petrofeum fractions emplcyed as fuel and illuminant. 
All these fractions have approximate boiling range ISO—^250°C. 
These are uniform dose cut distillates, low in viscosity, with a 
good degree of refinement to be fairly stable, light in oolooir and 
free from smoky ill smelling substances. It is highly desirable 
that sulfur be kepi as low as possible. Kerosene is used as 
illununating oil in domestic ne^s both in wick burners and 
mantle burners. Though obsolete these days, it was used in rail¬ 
way signalling purposes. Such kerosenes were spedal blends of 
rdativdy high boiling fractions with oils of marine animals. 

Tests and properties of kerosene: 

1. Flash point and Fire point 

2. Smoke point (Burning quality) 

3. Volatilit)- 

4. Sulfur content 

5. Aniline point 

Above listed properties are cardinally judged for kerosenes 
of all grades. Spedfications for superbr kerosene are given in 
TaMe 2B. 
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Table 2.8 


SpEaPiCATiONs Kerosene (Superior) 


SI. Characteristics 

No. 

Method 

Unit 

Require¬ 

ments 

1. 

Acidity, Inorganic 

P:2 

mg KOH/gm 

nil 

2. 

Burning Quality : 

P:S 

mg/Kg of 

20 


Cliar Value, Max 


oil consumed 



Bloom on Glass Chimney 



Not darker 





than grey 

3. 

Colour (Saybolt), Min 

P :14 


21 

4. 

Copper Strip Corrosion 



Not worse 


for 3 hours. @ 50®C 

P: 15 


'than No. 1 

5. 

Distillation : 





Recovered @ 200°C, Min 


% vol. 

20 


Final Boiling Point, Max 


®C 

300 

6. 

Flash Point (Abd), 





Min 

P :20 

oc 

35 

7. 

Smoke Point, Min 

P:31 

mm 

20* 

8. 

Sulphur, Totd, Max 

P : 34 

% wt 

0.25** 


Tor supplies to Defence, the smoke point of product shall be 21 mm 
minimtan 

♦*For supplies to Defence, the total sulphur, per cent weight, shall be 020 
maximum. 

2.3.6.1 Flash point 

This is ddined as the minimum temperature at which the 
vapours from oil sample will give a momentary flash on applica¬ 
tion of a standard flame under specific test conditions. Abd 
(P : 21; IP 170/59) Pensky-Martens (P : 21; IP 34/58) Clevo- 
land are the test apparatus frequently used for the purpose. 
Significance of the flash point is that it can predict the possible 
fire hazards during transportation, storage and handling. Early 
tendencies w^e to incorporate more volatiles in kerosenes, thus 
inviting unusual fire hazards. This necessitated a strict vi^^lanoe 
by way of fixing flash point. The fladi point of marketsible 
should be above 42^C. 

Pensky-Martens Apparatus (P ; 21; IP 34/58) and Test: 
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The apfAiatus consists of a cylindrical cup made of brass of 
apprmdmate dimensions 50.8±:1.27 mmX55.88dbl^ mm 
inside) with a thickness at the bottom 2.41*0.64 mm. Inside the 
cup at 2/3 rds hdght frc»n the bottom there is a sudden and 
slight tapering up to the top of the cup. This looks like a ring 
and guides as a filling level for the sample. The top position acts 
as a vapournair ^mber. 

This cup is provided with a lid, and the lid is actually made 
of two metal discs, one sliding over the other. The lid also in¬ 
cludes (a) stirring device (b) two flame-holders, one test flame 
and other pilot flame (c) provision for thermom^er (d) spripg 
handle. By turning the spring handle, it is possible to slide one 
lid over the other whercJ^ the exactly cut chords align with 
each oflier, exposing air-vapour mix of the cup to flame. In 
fact, there are three chord openings, central one is meant for 
flame introduction, while the other two act as air introducers. 
When the handle is turned test flame is also simultaneously 
lowered into the central chord opening to explode air-vapour mix¬ 
ture. The test flame is issued from an opening of 0.69 mm dia. 
The whole cup is heated by air-bafli, which is primarily heated by 
dectrk power. 

The test sample is filled Up to the mark, and the temperature 
of ihe oil is slowly and uniformly raised at a rate of 3^C per 
minute. Test and pilot flames are lighted. Occasional stirring is 
done. The spring handle is rotated at every 1°C raise in thermo¬ 
meter till a bluish light flash is noticed. Heating should be 
maintained at the prescribed rate. 

Abel flash meter is used for highly volatile samples, vdiose 
flash point shall be less than 40*^0. Pensky-Martens do^ cup 
can be used for medium flash liquids, whm a bigb flash point 
liquid is to be tested opencup flash meter is convenient. 

Flash point is essentially dependent up on the light end 
characteristics of a fud. Approximate rdationship between flash 
point and IBP ~10% boiling range is given by Nelson**** as 

Flash point - 10.92 (T®C) -79.52 

Flash point is regarded as vapour property hence the ambient 
foessure directly influences the fla^ point. Thus one is reminded 
to note the ambient pressure before such a test is oonducted. Cor- 
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ruction for pressure may be accorded by applying the follovtr- 
ing relation : 

FUsh point = Flash point (fQ 760-F 
at 760 mm. Hg observed at Pmm Hg”^ 30 

where P is the pressure in millimeters at the time of observation. 
Flash point of blends does not follow any linearity: however 
the influence of high volatiles (range of 0—10% distillation) is 
predominent. Instead of laborious theoretical corrdations it is 
always easy to d^ermine the flash point of mixtures experimen¬ 
tally as shown in Fig. 2.18. 



Fza 2 18. Flash Point of Blenda h c Curves show 
di0eretit blends of heavy and light oil 


2L3.6.2 Fire point 

This dosely follows the flash point. The test is carried out 
in open cup rather than a closed one. Cleveland apparatus (ASTM 
D offers the advantage of open flash point and fire point. 
Fine point temperature is noted when, the oil vapours can hum 
conthmously for 5 seconds when te^ed in fiadi point aiq^matus 
and it occurs after the flash point, by 3-4<’C« For domestic 
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needs a very high flash pcHnt above 50^C is also not desirable. 
The easy ignition is credited to volatiles only and decrease in 
volatiles enhances the flash point causing difficulty in ignition. 

2.3.6.3 Smoke point 

Snu^e point is an indication of clean burning quality of 
kerosene. Illumination depends upon the flame dimension 
although it is not related to flame height. Many paraffins may 
be gifted with better flame heights but illumination may be poor. 
Smoke point is defined as the maximum height of flame in milli¬ 
meters, at which the given oil will bum without giving smoke. 
Thus smoke point test (P : 31, IP 57) enables the burning 
quality to be measured by adjusting the wick height to §^ve pro¬ 
per non-smokey flame (Fig. 2.19). Illumination is supposed to 
be characteristic of the components of fuel usually not measured. 
Different flame heights are obtained due to the presence of 
different components such as paraffins, naphthenes and aromatics, 



FIgl 2.19, Smoke point apparatus 
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Aromatics contribute smoke, hence removal of aromatics 
increases the smoke point. Naphthenes with side chains one 
inyitably retained to give good illumination. In Ind'a, market¬ 
able kerosene should possess a smoke point 1$ mm. Smoke 
point may be predicted approximately by knowing the group 
composition of oil. given as ; 

Smoke pomt - 0.48 P+0.32 N+0.20 A. 

where P, N, A are % of paraffins, naphthenes and aromatics in 
the sample. 

A dogma of high smoke point meant a better quality fuel 
is not always acceptable as it can not specify any illumination 
characteristics. In recent literature stress is given to this lumino¬ 
sity number (ASTMD 1740) and prescribed as a test for 
kerosene. This indicates luminosity of the flame and accompany¬ 
ing radiation problems in combustion chambers. Smoke point 
apparatus with modifications to include a photo electric cril can 
measure the flame radiations. Luminosity number is expressed 
just like octane number. The oonstitutents taken heie are 
tetralin (O luminosity number) and iso octane (100 luminosity 
number). The blend of these two should match with the 
luminosity of fuel. 

2.3.6.4 Burning Quality Test (P : 5 ; ASTM D182) 

This indicates the ability of kerosene to bum steadily and 
cleanly over a long period. Kerosene is tested by burning in a 
standard wick lamp for a period of 24 hours, in a room free from 
air currents. The average rate of burning, change in diapc of flame, 
the density of diimaey deposits are the prime factors by which 
the quali^ of kerosene is assessed. A good quality kerosene 
(after burning for 16 hours) should present the chimney as dean 
as possible (only slightly douded) and the iwidc should not have 
any appreciable hard incrustatioas with as large flames as in the 
beginning.” 

TTic continuity of the initial tlluminatioa over long periods 
in a top mts on the normal flow of kerosene to the wick end, 
Quinti^ of oil available at the tip of wick depends on the hdght 
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of wi<3c over liquid surface, texture of wick and projMirties like 
viscosity and surface tension of oil. Even though surface tension 
of different oils (kerosenes) may not vary much, viscosity varies. 
Stabilisation of flame is governed by viscosity. A good oil of 
650 c.c must bum at least for 120 hours. 

2.3.6.5 Volatility 

The nature of distillation range esimated by ASTM D 86 is 
of significance with, regard to burning diaracteristics. Ten 
percent boiling point reveals the flash point which in turn, 
indicates the ease of ignition; specially when kerosene is used 
in pump stoves, this plays a very important role in continuous 
support of flame. Mid boiling range contributes towards vis¬ 
cosity. Often flare up in oil heaters is observed if mid-boiling 
range is not properly constituted. Sixty percent distillation 
at 200°C ensures steady performance of oil in heaters. Minimiun 
of 15% distillation at this temperature is enforced to guarantee 
adequate volatility*^*. 

2.3.6.6 Sulfur content 

High sulfur oontmt is inimical due to its combustion! pro¬ 
ducts. When large amounts of such fuel is burnt, accumulation 
of these oxides results, offering wayward problems of corrosion 
and pollution. Total sulfur can be estimated by bomb method 
(ASTM D 1266; IP 107). Maximum permissible amount of 
sulfur is 0.13% ; in all kerosenes. 

2.3.6.7 AniHne Paint 

(IP 2/56 j IS (1448) P : 3) This test indicates qualitatively 
the amount of aromatics present in kerosene. This method is 
fully discussed in diesel fuds. 

2.3.7 Diesel Fuels 

Diesel oils are the fractimis in the boiling range of 
250-320^C; andi fall under gas oil fractions. These are basi¬ 
cally divided into two dasses as high speed diesels and low speed 
die^s. 
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Classification of diesel oils is done according to speed and 
loads of the engine as given below : 

Low speed Below 300 RPM For heavy loads at 

constant speeds. 

Medium speed 300-1000 RPM Fairly heavy loads 

moderately constant 
speeds. 

High speed above 1000 RPM Load and speed vary. 

Volatility test for these fuels is of trifle Value; however it 
is advisable to conduct ASTM distillation test to infer the boil¬ 
ing range. High percentage of light ends (upto 10% distilla¬ 
tion) are traits of low flash points. Even though flash point has 
no direct influence upon performance of fuel, still its minimum 
value should be maintained to prevent possible fire hazards in 
handling and storage. If 10%—50% boiling temperature is high, 
its warm up period will considerably increase. A high boiling 
p(Mnt gives much smoke formation and crank case dilution. For 
all high speed oils 50%'point is kept around 300°C; too low 
50% point gives a low visooaty and possibly low heating value 
too. Table 2.9 gives specifications of high speed diesels. 

The general tests recommended for diesel fuels are (in the 
order of performance). 

(1) Pour point 

(2) Aniline point—Diesel Index (Cetane number) 

(3) Flash point 

(4) Calorific value 

(5) Viscosity 

2.3.7.1 Pow Point 

The criteria of pour point fixation depends upon two 
factors namely climatic conditions and storage (handling). Fuel, 
at minimum ambient temperature must be free flowing. In India 
pour point is fixed at 5°C ; however in the Himalayan belt, where 
the dimate persists at suh-zero level this may not be satisfac¬ 
tory ; hence low pour point oils are essential. It is also observed 
that at dose approach of pour point (widiin 2 to 3®C), the ^sco- 
sity increases very much, the result of whch is high pumping 
costs. ' 
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Table 2.9 

SPEancATiONs : High Speed Diesel On. 


SI Characteristic 

No. 

Metliod 

Unit 

Reqmrement 

1 Acidity, Inorganic 

P : 2 

mg KOH/mg 

Nil 

2 Acidity, Total, Max 

P : 2 

mg KOH/mg 

050 

3 Ash, Max 

P : 4 

% wt 

0.01 

4. Carbon Residue 

P : 8 

% wt 

020 

(Ramsbottom), Max 

S Pour Point, Max 

P : 10 

“C 

6 

6 Copper Strip Corrosion for 

P : IS 


Not worse 

3 hrs @ 100*C 



than No. 1 

7 Density @ 15*C 

P : 16 

g/ml 

To be re¬ 
ported 

8. Diesel Index 

9 Distillation : 

P : 17 


45 nun 

Final Boiling Point 

P : 18 

*C 

To be re¬ 
ported 

Recovery @ 366*C, Min 



85/90 

10 Flash Point, (Abel), Min 

P : 20 

“C 

33/38* 

11. Kinematic Viscosity 

P : 25 

cS 

2.5-7.S 

@ d^s-c 




12 Sediment by Extraction, 

P ; 30 

%wt 

0.05 

Max 




13, Suli^ur, Total, Max 

P : 33 

% wt 

1.1 ♦♦/l.O 

14 Water Content, Max 

P : 40 

% vol. 

005 

15. Flame Height, Max 

Indian 

mm 

18 

' 

Customs 



* Subject to agreement between the purchaser and supplier, a lower or 


higher maximum Flash Point may be acc^ed. 

Subject to agreement between the purchaser and supi^ier a lower or 
liigher maximum Sulphur Content may be accepted. 

2.3.7.2 Aniline Point 

Diesel fuels are mainly composed of paraffins although there 
is no bar for aromatics. Aromatics of this boiling range present 
in the fuel cause abnormal ignition delay. For tins reason an 
estimation of aromatics is essential. One sudi method is ani¬ 
line point which can predict the suitability^ of oil. Aniline point 
is defined as the minimum temperature at which equal volumes 
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of anhydrous aniline and oil mix together. Diesel index (IP 21/ 
53; IS P : 1/) a derivative of Aniline point is defined as 

[0.018 A.P ®C+0.32] API. 

Aniline being an aromatic compound freely mixes with 
aromatics; so a low aniline point indicates, low diesel index 
(because of high percentage of aromatics). Aniline point can 
also predict the amount of carbon present in the molecule 
(aromatics), as given by the formula®’^. 

% Ca - 1039.4 Vo-470.4<fao-O.S67 AP(°C)-1104.42 
where nj,®®. refractive index at 20°C 
dao density at 20°C 

Diesel index is a measure of ignition quality of fud. Diesel 
engine works on the principle of compression ignition. During 
compression adiabatically the air temperature reaches around 
600°C, when the fuel in finely atomised form is fed in, it instanta¬ 
neously explodes. The temperature at which this explosion takes 
place without the aid of fire is called self ignition temperature. 
Self ignition temperature is low for paraffins while it is high 
for aromatics (benzene 65l°C) (See Chapter 2.2). Thus a fuel 
rich in aromatics bums later causing ignition dday and it gives 
rise to what is known as diesel knock. Por this reason all diesel 
fuels are processed to have a diesel index in the range of 45 to 
55. A high diesel index is also not desirable, as a fuel 
rich in aromatics gives rise to better calorific value than paraffin 
rich fuel for equal weights. When the fuel is injected into the 
chamber of hot air, first the fuel drops acquire the temperature 
of the surroundings. This takes some tune, llie time dday can 
be decreased by atomising the fuel into fine drops and also by 
varying the composition of fuel. Viscosity also has its own role 
in heat transmission. Once the droplets acquire the temperature 
of self ignition, the droplets explode. A continuous flame front 
may move if the aromatic rich fuel is fed in—obviously a cause 
for diesel knodcing. Fig. 2.20 shows the diesel fuel performance 
in an engine. During adiabatic compression, the temperature 
riees and at that instant the fuel is injected. The time taken by 
the fu<d, from injection to explosi<»i is known a$ delay period. 
Then the fuel bums at a constant rate. The air pressure and 
tehiperature increase after explosion. The two curves A & B 
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marked in the figure show the characteristic performance of tvw 
fuels—is for a fuel rich in paraffins and *A’ is for aromatic 
rich fuel. 



Fia 220. Diesel oil Combustion Performance in Engine 

Peaks a and b obviously should coincide with crank position, 
otherwise, knocking results. High speed engines require a fuel 
of viscosity, 1.4 to 2.5 CS (at 30°C), where as low speed engines 
may work with even high viscous fuels (5.8—26,4 CS). 

Cetane number: (IS P 19; ASTM D613-58T) 

Cetane number is a corollary of Diesel index. 

It is defined as percentage volume of n-cctane in a mixture 
of n-cetane and a-methyl napthalene, which gives the same igni- 
ti<Hi d*elay as the fuel under consideration, when tested in a CFR 
engine. Some people prefer heptamethyl nonane (Cetane 
No. 15) in place of <rmethyl naphthalene. 

A rdation between diesel index and cetane number is 
presented in Table 2.10(a). 

Table 2.10(a) ; Cetane number Vs, Diesel IndtKK. 


Cetane No. 

Diesel index 

30 

26 

35 

34 

40 

42 

45 

49 

SO 

56 

55 

64 

60 

72 
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Table 2.10(b) : 

Diesel Fud Ease of Starting 


Ambient 

Temperature 

OC 

Cetane No. 

Viscosity 

SSU 

at 37.80C 


-34.4 

90 

— 


-28.9 

83 

46 


-23.3 

76 

57 


-12.2 

63 

65 


- 6.7 

56 

— 


- 1.1 

49 

—- 


+ 4.4 

43 

100 


+ 10.0 

36 

— 


Table 2.10(c) 

: Diesql Fuels—Properties 



High 

Low Medium 

Viscosity at 37.8°C 

speed 

speed speed 

SSU Minimum 

32 


32 

Maximum 

50 

250 

70 

Sulfur % 

1.5 

2.0 

1.5 

Conradson Carbon Residue % 0.2 

3.0 

0.5 

Ash % 

0.02 

0.04 

0.02 

Water and Sediment % 

vol. 0.05 

0.6 

0.1 

Flash point ®C 

— 

62.3 

62.3 

Cetane No. 

50 

30 

40 

Diesejl Index 

45 

20 

30 


2.3.7.3 Flask Point 

It has no real significance on performance of fuel. Kniow’ 
ledge of this is required for safe handling and storing. In Indi: 
flash point of diesel is kept arounl S0®C—55®C. 

2.3.7.4 Colorific Value 

Though high calorific value of the oil is desirable, it canno 
be at the expense of diesel quality; hence a fuel having®*** cal 
value 41.83 kj per gm is sufficient. Apparently paraffins hav< 
high calorific value due to higher hydrogen content, but aroma 
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tics mainly contribute by bond dissociations. The disparity in 
calorific value for these materials in this regicm is not over^ 
whelming. 

2.3.7.5 Viscosity 

Ease of starting depends upon viscosity and ignition 
quality. At lower starting temperatures high cetane fuels are 
required (See Table 2.10(b). Diesels used for diiferent speeds 
must possess the properties as shown in Table 2.10(c). 

Thermal stability of diesel fuels is important, because the 
remaining fuel from the combustion chamber is returned back to 
the reservcMr. ITie test is performed by exposing 50 ml sample 
kept at 149°C for 90 minutes with an additive. When the 
sample is filtered through a filter paper, the excessive stain on 
filter paper is an indication of bad oxidation stability of the fud 
usually additives like 1-n-butoxy-l-ethane, dioctyl-diphenyl 
amine (upto 20 ppm. are used to improve the stability of fud. 

2.3.7.6 Diesel Additives*^’** 

Just like gasoline, diesel fuels are also blended with addi¬ 
tives to give satisfactory performance. Ignition accelerators are 
used for reducing the ignition dday. These are generally oxygen 
donating substances (oxidising type) like nitrates and nitrites of 
Cr-Cg acids (amyl nitrate is an example) ; aldehydes, ketones, 
ethers and peroxides. These have the tendency to oxidise 
the fud. Inhibitors to stop gum formatton are the same type 
as used iir the case of gasoline (phenol amines under the trade 
name Topanol). 

Pour point depressors are generally chlorinated paraffins, 
and these are used to improve the cold-start performance of the 
engine. Anti-smoke additives like ethyl lubrizols cause less 
smoke in the exhausts. Alkajlitie agents and ashless dispersant 
additives have beat used to improve quality of rail diesds. 
These alkaline agents provide improved piston ring and qrlindcr 
line protection particularly with high sulfur fuejs. 

Antistatic additives are optional because of the ubiquitious 
demands of diesel; time of storing is not much, hence these may 
or may not be mixed. Usually these are the chromic salts of 
alkylated salicylic acid, calcium aerosols, vinyl methacrylate 
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pol3nnors. To prevent microbiological growth dioxaboriaanes 
(tx^n compounds) N-benzylMenemethyl amine are used. 

2.3.8 Lube Oils 

The principal source of lubricating oil is the fraction that 
is left after lighter components, namely gasoline, kerosene, diesel 
oil during crude distillation. Generally lubes have a boiling point 
above 350*^C and these are obtained as the main products from 
vaocum distillation units. Residuums, after precipitation of 
asphaltenes are known as bright stocks and form a gnod source 
for lube oils. 

2.3.8.1 Composition of lube oils 

Lubricating oils are composed of paraffins, naphthenes, 
aromatics and tmsaturated bodies. The chief molecular struc¬ 
ture of lubes seems to be naphthene rings or naphthenes and 
aromatic rings arranged in groups of as many as six with 
paraffinic side chains. The more such chains the more paraffinic 
the oil is. Naphthenic crudes give more rings with less side 
chains. Normal paraffins (long chains) in this range are 
usually waxy in nature and have to be separated for maintain- 
ing free flow of oil. Thus a exude oil nth with paraffinic chains 
gives high viscosity index, less viscosity gravity constant and 
high stability lube oils. Depending upon Ihe services intended 
for, lube oils are classified. Nelson**® grouped the oils into 
seven categories as ^own bebw: 

(1) Machine and Engine Oils (Neutral oils) 

(2) Compounded Oils 

(3) Turbine Oils 

(4) Cold test Oils 

(5) Transformer Oils 

(6) Colour CHls (White Oils) 

(7) Corrosive Oils 

• 

2.3.8.2 Moc^iine oils & engine oUs 

These are all high viscosity index oils as they have to serve 
under varying temperatures. Medium viscosity oils are suitable 
^ for most of ffie industrial applications, how viscosity index oils 



PETfiOLEUH FS0CESS1NG DATA 


125 


are suitable for compression ignition engines, Aircraft engines 
require a very high viscosity index oils. These oils are further 
subdivided into straight, premium, heavy duty, etc. depending 
upon viscosity index and servicable temperature. These oils 4so 
include spindle oils of (HVI). These are produced from HVI, 
neutral or bright stocks. Cylinder oils are also HVI grade oils, 
but at*® present our country does not produce th«n. The avail¬ 
ability of bright stock and HVI neutrafl is at present satisfactory. 

Marine grade oils are required to meet critical necessities of 
performance. Thus, these stocks are produced in our country 
as blends from indegenous and imported oils. Aviation oils are 
also special grade oils; such oils are not produced in India at 
present. The oils which are used in different services are shown 
below : 

HVI oils for planes, high speed operations 

MVI oils for petrol, diesel and stationery vehicles 

LVI oils for light equipment. 

In fact no single oil is suitable for all types of applications. 
This has called for blends of multigrade culs. All multigrade oils 
contain viscosity improvers. As an example, a multi grade blend 
of SAB 30 and lOW, can have the starting viscosity corresponding 
to that of SAE.10W, while in operation it can show the charac¬ 
teristics of SAE 30. The trend of viscosity variation of such 
blend is shown in Fig. 2,21, 

2.3.8.3 Compounded oils 

These are lube oils fixed with animal or vegdab^e oils. 
These oils exhibit more wettalxlity characteristics whidh makes 
them suitable for steam engines, compressors and! quenching and 
tempering operations. Emulsibility is consideied to be more 
important than viscosity index of these oils. 

2.3.8.4 Turbine oils 

High speed machinery, such as steam turbines, electric 
motors riioutd have emu|rion-free oils. Extreme stability is 
reqiured for sudi mis. 
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2.3^.5 Cold test oUs 

These <»ls are mainly used in refrigeration and hydraulic 
systems, spedally designed for arctic dimates. Pour point is 
the major important thing compared to all other properties of oil. 

2.3.8.6 Colour oils 

These are industrial oris used m textiles, food and paper 
industries. Medidnal oils must be very thoroughly freed from 
colours and must have high stability. Depending upon the appli¬ 
cation, the concentrations of sulfur, aromatics and resin bodies 
are fixed. 

2.3.8.7 Corrosive oils 

Some oils are blended with corrosive ingredients. These are 
used in cutting, shaping of metals. Heavy duty oils and extreme 
pressure lubes are of this category. 

Above classification by service is no doubt suitable for 
almost all applications. Physical properties are to be induded 
for a tedmical classification. Accordingly SAE classification 
and Bureau of Ships dassification have come into service, which 
set forth the physical parameters for application. 


SAE Classification for Crank case oils** 



(Viscosity in c s.) 




Viscosity range 



SAE No. 

at -18®C 

at +90®C 


Min — Max 

Min 

— Max 

5 W 

1,300 



low 

1,300 - 2,600 



20 W 

2,600 — 10,500 



20 


5.7 

< 9.6 

30 


9.6 

< 12.9 

40 

- - 

12.9 

< 16B 

SO 

- —. 

16.8 

< 22.7 


As lube c^s are made for a wide variety of app^cations it 
is Dal possible to make a single pfoduct to meet all the require* 
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ments. As a consequesice lubes are formulated for a particular 
a^licatioti!, hence large formulatioos are indubitable. 

Whatever may be the special formulatkai, all lubes are to 
be submitted' to tests, as given below : (Special tests are not 
mentioned here) : 

(a) Flash point (c) Viscosity and Viscosity 

index 

(b) Pour point (d) Oxidation stability 

(e) Carbon residue 



Fia 221. Viscosity Variation of multigrade 
oils vitli Temperature 


2.3.8.8 Carbon Residue 

The propensity of cracking is indicated 1^ carbon residue of 
the oil. Heavy oils being delicate to high temperatures, have a 
tendency to crack, with deposition of carbon. Lube oils are often 
subjected to such hazardous temperatures. The amount of 
carbon formed during cracking does ultimately provide an idea 
of usat^ity of oil at high temperatures. This test is condiucted 
by two methods namdy Conradson method (IP13/66) and 
Ramsbottom method (IP 14/65; IS : 1448 P : 8). , 

2.3.8.9 Canfwimn method 

A sample of 10 gms is taken into a silica-crucible and heated 
out of contact with air. The set-up provides the necessary pre¬ 
cautions, such that the oil is thermally decomposed out of oon- 
tanct with air. The decomposition is brought by means of high 
heating rates. As the heati^ continues fumes appear at the 
chimney top. The fumes are burned and beating rate is adjusted 
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such that the burning sustains, but the flame is never allowed to 
cross the bridge of the chimney. (See Fig. 2.22). After the 



• FORCCELAIN CRUCIBLE 2»-31 ml copaCliy 
k. IROM CRUCIBLE (SKID.MOREI 6S-S2ml coMCily 
c SPUN SHEET IRON CRUCIBLE 
Tt'IS mm 0. 0 t SO*tO mm htlgM 


4. HOOO 


t. BRI08E 


Ftc. 2 22. Conradson Carbon Residue A|^)aratus 


burning of the fumes further heating is continued. Afterwards, 
tile set is cooled and the silica crucible is weighed to get the 
■wtoight of carbon deposited. Expressed in percentage gives Con¬ 
radson carbon residue. 

Prescribed heating rates : 

Initial heating (Fumes appear and capable to bum continu¬ 
ously, when ignited) 

Pre-i^ition period 10±1.5 miiu 

Burning of fumes (Burning of fumes vdthout crossing 

the bridge of chimney. 

13±1 min 

Strong heating (For complete decomposition of oil) 

7 nun 

time 30rfe:2 
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If the above schedule is unable to be followed, the burning 
period of fumes should onty be taken into account. Very high 
rates of heating are required to keep up the schedule. 


2.3.8.10 Ramsbottom metiwd (Fig, 2.23) 

In this method the sample is carefully fed into a glass blub 
which has a capillary end. The bulb is kept into a heating bath 
kept at 550°C. The sample is allowed to decompose for 20 
minutes. After heating is over the bulb is cooled and weighed 
to find the carbon formed. Amount of material to be taken is 
inversely proportional to coking tendency of the oil. 


Expected Carbon 
residue 

2 % 

2—4% 

4% 


Size of sample for 
experimentation 

4.0 gms 
2.0 gms 
1.0 gms 


Best quaility of oils give less carbon residue under service¬ 
able conditions. Conradson carbon residue of this should not 
exceed 0.2 to 1.0%. Parafifin oils give less carbon residue com¬ 
pared to naphthenic oils. 


2.3.8.11 Oxidation stability 

This test reveals the deterioration characteristics of oil on 
oxidation. Oils are generally in contact with air and hot sur¬ 
faces, thus oxidation is inescapable. Higher paraffins are easily 
oxidised compared to naphthenes and aromatics. Major amount 
of lube oil is paraffin, which is more prone to oxidation. In 
the laboratory the test is conducted (IP—48/62) by passing air at 
a rate of 15 litres per hour through a sam{^ of 40 ml kept 
at 200°C for 6 hrs. Second oxidaticm period for another 6 hrs. 
at the identical conditions for the same sample is carried out. 
After oxidaticm periods are over, the sample is cooled and its 
viscosity and carbon residue are found out and compared with 
the original sample. Papers on the chemistry of oxidation of 
fuels and its inhibition have been authored by Betton^ et al^* 
and Lod Wick." % 

9 (4S-15S/1982) 
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All oils of high boiling points are susceptible to this natural 
oxidation whidi proceeds hy free radical mechanism. So, inhi¬ 
bitors prevent the free radical chain propogation and increases 



Fig. 223 Ramsbottom apparatus 

the resistance of oil to oxidation. All oils in general are 
blended with such additives. 

Adlditives and their functions in lube oils are presented in 
Table 2.11. Additives supplied by different companies also 
accompany in Table 2.12. 

2.3.9 Transformer Oils 

These oils are used in electrical industry mainly for insulat¬ 
ing, cooling purposes ; additionally these oils protect the equip¬ 
ment from moisture compared to vegetable or ooal distillate mis, 
petroleum oils are found to be more suitable because of high 
viscosity, thermal stability & hydrophobic nature. Petroleum 
dUs used in ejlectrical industry fall into two categories***; Oils 
in transformers & circuit breakers etc. belcmg to one class ,* other 
dess of oils are gei^rally used for impregnating cabl^ ic papers 
used in electrical industrjH Oils used in transformers are low 
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viscous, thermally stable but having high boihng points, in close 
langes. Second type oils are highly viscous and act as insula¬ 
tors only. The deterioration of these oils in service is closely 
connected with the oxidation characteristics of oils. Oxidation 
products are mainly acids which cause sludge formations. 

Importants tests for transfonner oils 

(1) Acid value (ASTM D974) 

(2) Dielectric strength 

(3) Flash point 

(4) Pour point 

(5) Sludge value 

(6) Copper corrosion test 

2 3.9.1 Dielectric Strength 

High dielectric strength is required for oils employed for 
insulation purpose. Even though high electric strength does not 
give any indication of degree of refinement of oil or oil con¬ 
taminants, it ensures the freedom of oil frcwn water and other 
adventitious matter. Electric strength or break down test is per¬ 
formed by increasing the voltage at a rate of 2 KV/sec in between 
electrodes of 12 5 to 13.0 mm dia. which are placed at a dis¬ 
tance of 2.5±0.1 mm. The cell capacity is usually between 300 
to 500 ml. The voltage is continuously raised until break down 
takes {^ce. A satisfactory oil test (IP 20/73) should show 
a break down strength of around 120 KV/cm. 

2.3.9.2 PermUtivity (dielectric constant) 

It is the ratio of capacity of a capacitor in which oil is di¬ 
electric ; to the capacity of air when this acts as diejlectric. The 
range of pennittivity should lie between 2.1 to 2.3. 

2.3.9.3 Sludge Value 

Oils contain some products which give rise to sludge for¬ 
mation. Sludge value is found out by precipitating insolubles 
with heptane. This test is performed before oxidation of the oil 
and after oxidation of the ml. High ^udge formations indi¬ 
cate the negative quality of oil,.which also indicates the high 
percentage of oxidative products. 



132 


MODERN PETROLEUM REFININO PROCESSES 




we 

c 


•S 

'C 


I 


(4 

V 

> 


a, 

c/5 

< 

< 


■S> 2? • 

S^U 

S 1 • 

cd wO 


U 

o 

lo 

c/> 

V 


CU 

c/) 

c/5 

ai 

5? 

•§ 

"l§ 

ScS 

Di 


a, 

cu 


s 

fSo, 


On 


rN» 


r#i pQ ^ 


^ ^ 2 
p 2 

SfS-aS 

, E ,o o 5? 

^ fS ^ w 1 

>q a U S S 

V <4-i 


& 


3 

1-4 

v> 

o 

o 

u 

CA 

O 

o 

0^ 

u 


(S' 

Oi 

S? 

-o 

cn 

Wi 

.5 


bo 




to 


Sr^ 
o 


« 

<4 

■S 

aJ 

E 


i? 

13 


»/> 

U 

(/k 

U 

C 


1-^ F 
>* iS .§ S 

(2 S's J 



u 

o 

•o 


«.o 

O'- 



nP 

o 


e 

o 

u 

cd 


•2 S 
X! Si 

J .S 
.► E 
1/) <C 

§ “ 

J - 

fri £ 


2 

§ I 

£ ^ 

4 i 




«« *0 ,L 

2 “u S 

s «•§. 

o § & 

’ll S 

i § n 

SI'" 

E £ 

Ct X 

U S 
*1 

l=S'.i| 

S rt e.% 


•6 


•vP 

lO 


13 

• P 4 


M 

4> 


•I 

£ 


dithiof^spbate sulfuris- 
ed terpens 



TABLE—2.11 (Contd.) 


petroleum processing data 


133 




TABLE^.ll (Confd.) 


134 


MODERN PETROLEUM REFXNXNG PROCESSES 



EaittUdfim (when emulsions Sulfonates, naphth^'nk 
ait! reQiured}. acids, mono alkj^l aminn 

borates, Lithium soaps. 
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TABLE-2.12 

AonrnvEs supplied by dipfebent Companies 


Gasoline anti-oxidants ; 
Ethyl Corporation 
701 
Dupont 
AO-S 
Lubrizol 
803 
Amoco 
533 
UOP 
No. 85 

Meta] deactivators 
Dupont 
D M D 

Lubrizol 

Ethvl Corporation 
M D A 

Corrosion inhibitor 

Dupont 

AFA-1 

Petrolite Corporation 
KONTROL-157 


Chemical 

2, 6, di, tert, butyl 
phenol 

n-n bulyl-p-amino 
phenol 

2, 6 d|i-t-tutyl 
p-cresol 

2, 6 di-t-butyl 
p-cresol 

dioctyl-p-phcnylene 

diamine 

N, N’ disalicylidene 
1, 2 diamine pro¬ 
pane 
-do- 
-do- 


alkyl amino 

alkyl phosphate 
Not known 


Quantity 

1-4 Kgs/1000 Barrel 


1-5 

-do- 

2.5 to 10 

-do- 

2 5 to IS 

-do- 


0.1 to 1.5 

-do- 

0.4 to 12 

-do- 

0.2 

-do- 


0.5 to 10 -do 

02-0.4 T 
0,2 T • 

0.2 T 
02 T 

gasoline to PbsCPOils 

2.5 to laS Kgs/lOOO B 
L75 -do 

Vol. % .02 to 0.1 


Ignition Controls 
Amoco ' 

541 

Ethyl Corporation 
KC-l 
ICC-4 

Monsanto 

CDP 


Phosphorus 
Compounds 
Bis-thiono 
phosphate 
Tery methyl 
phosphate 
Gresyl diphenyl 
phosphate 


(T ; theoretical requirement to convert lead in 

Detergents : 

Amoco 

572 

Lubrizol 

580 

Antidngs DMF 

Dupont 
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Multiftmctionals 

Dupont 

DMA-4 

DMA-5 


Biocides 
Phillips 
PFA 55 MB 
Sohio 


TABLE—212 (Contd.) 

Chemical Quantity, 

Amine salts of alkyl 2.5 to 10 Kgs/1000 B 
phosphates 

DMA-4 plus cresyl 5 to 45 -do- 

diphojyl 
phosphate 

200-1000 PPM 

Biobar JF 135-270 PPM 
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2,3.9.4. Copper Corrosion Test 

The use of copper in electrical industry is immense, hence 
the attitude of oil towards copper should not be calamitous. 
Satisfactoriness of oil can be verified by heating a copper strip 
in oil for 3 hours at 1(X)®C and observing the copper strip. 
Discoloration of the strip is direct indication of corrosiveness of 


the oil as given below : 

Appearance of Sample (Copper strip) 

Light Orange, looks like a fresh one — (1) 

Dark Orange to red or multi coloured — (2) 

Multi coloured with greenish tinge — (3) 

Dark grey to black colour — (4) 


International Electro Technical Commission (lEC) test in¬ 
volves the blowing of air through oil at 150°C for 45 hours m 
presence of copper strip. After oxidation, the oil is tested for 
acidity and sludge. 


Indian specifications of transformer oil is given below: 


1. Sludge value (Heptane by wt) 

2. Acidity mg KOH/gm 
after oxidation for 164 hrs 
at lOQoC 

3. 'Electric strength one min. 

4. Saponification value mg KOH 
per gm in oil 

5. Acidity gm KOH/gms of oil 

6. Viscosity at 27°C CS 

7. Pour point °C 

8. Flash point °C (Pensky 
Martin Apparatus) 

9. Copper strip corrosion 
(at 100°C for 3 hrs) 

10. Resistivity at 90°C 

ohms ems 
at 27‘»C 


1.2% Max 

0.4K(OH)/gm 

(fresh) 

2.5 Max 
40 K.V. 

« 

1.0 Max 
0.03 

27 Max 
—10 Max 

140 minimum 

Not more than 1 
laXlO^a rain 

500X10» 

0.89 max 


11. Specific Gravity 
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2.3.10 Bitumen 

Bitumen is the residual product obtained from.crude dis¬ 
tillation unit. It is essentially solid at room temperature and 
has got very high viscosity. Asphalt is usually a mixture of 
bitumen in oil, containing much mineral matter. Bitumen natural 
deposits are also available; famous Trinidad pitch lake is such 
a deposit Bitumen obtained from the distillation column is poor 
in qualities. This has necessitated air blowing of bitumen to 
obtain suitable grades. Most of the bitumen is used in high— 
way constructions, waterproofing and coatings works. 

Bitumen is specified by the following two tests 

(a) Softening Point 

(b) Penetration index. 

These two tests do not describe tlie properties of bitumen 
completely. Other tests like viscosity, volatility, durabijlity. 
ductility are necessary for obvious reasons. Outlines of these 
tests and significance are mentioned below: , 

2.3.10.1 Softening Point (ASTMD 1398 IP.198 Ball & Ring 
test) 

Bitumen being amorphous does not melt sharply. The 
softening point is found out by the Ball & Bing Test. Bitumen 
is first melted and casted into discs of two numbers in standard 
rings. A steel ball weighing (3.5±0.05) gms (dia 9.53 mm) 
is kept on eadh casted disc of bitumen. The whole stand carry¬ 
ing these two discs with baiUs is immersed m a water or glycol 
bath. As the heating proceeds, softening occurs. The tempera¬ 
ture at which the sample detadies from the die and falls; indi¬ 
cates its softening point. The two samples from such rings are 
supposed to fall within a difference of 5 seconds. Higher the 
softening point, the better is ccmsistency of bitumen. (See 
Fig. 2.24). 

23.10.2 PeneHnOion Index 

The hardness or penetration quality of bitumen is assessed 
by this test (IP 49/72). 

A standard needle is allowed to penetrate under a load of 
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100 gms, through a sample kept at 25®C for 5 sec. Distance 
travelled under those conditions indicates the consistency of 



Fig, 224. Smoke point apparatus 

sample. The distance (easily) travelled would naturally 
depend upon its load, and softening point. More penetration 
index naturally impairs the surface applications, where hardness 
IS sole criteria. 

2 . 3 . 10.3 DucHlity (D 113) 

Bitumen must possess good ductility, when it is used in 
surface application. The ductility is measured by a ductilometcr. 
Ductility is a measure of the capadty of bitumen to elongate or 
stretch. This test is carried out by pulling a test i»cce of l»tu- 
men of standard dimensions at a uniform rate (5 cm/nun) 
keeping sample at 25®C. Higher capacity for elongation indicates 
that the samjrfe is having a high ductility. 

Other tests like viscosity, boiling point, ash content arc 
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desirable. Suitabjle solvents are added to solubulise the bitumen 
and then applied over the surface, when the solvent evaporates 
a fine layer of bitumen appears. These type of bitumens are 
called cutback bitumens. These cutback bitumens, after ful>l 
curing period must possess the same properties as the bitumen 
from which th^ are made. 

Indian specifications of bitumen are given below : 



IS SPECinCATIONS 
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PROBLEMS 

1. Draw the ASTM distillation plots of marketted gasoline 
and kerosene. Convert these plots into EFV lines at atmospheric 
pressure and see whether there is any continuity, if not find the 
overlap. 

2. (a) From the given data, draw TBP graph and asses the 
qualities of different fractions. 

(b) Convert TBP curve to E F V curve for the above crude 
at 150 kg/cm®. 

Jenni. Indonesian crude 
API: 2B.8 
P.Pt : 41®C 
Sulfur wt: 0.11% 

Vis. cs. 

60®C: 56.1 

45°C: 128.1 
Sal Kg/1000 bbl: 70 

Wax. wt% 23.8 

C.R. 8.1% 

Light naphtha 

c,-ioooc 

Sp. grv. 


2.6% by vol 
0.701 
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Paraffins% 

62 

Naphthenes% 

30 

Aromatics% 

8 

RON 

70 


Naphtha 

100-155°C 3.0% by vol. 
sp. gr. 0.755 
Parafltos% 46 

Naphthen€s% 43 
Aromatics % 11 


Kerosine 

155-295°C : 13.4% by vol. 

Sp. gr. 0.813 

Aromatics vol. % 15.5 
Sulfur wt. 0.04% 

Smoke point 19 


Heavy distillate 
295~350°C 
Sp. gr. 

P. Pt. 

Diesel index 
Catane no. 


7.3% by vql. 
0.834 
15.6°C 
72 
66 
0.08 


Sulfur wt. % 

Visoosity(CS) at (38°C)-5.53 


Residual oil 
More than 
Sp.gr. 

P. Pt. 

Sulfur wt. % 

Vanadium Nickd Irwi PPM 
Viscosity at 80°C 


350°C • 72.9% by vol 
0.915 
58°C 
0.12 

1.6/0.6/24 
280 (cst) 


3. (a) Estimate the gross calorifk value of a kerosene 
fraction having an API gravity of 48 from cq. 2.13. 

(b) Estimate the heat energy required in raising the tern- 
perature from 35^C to 82°C. The fraction has a cubic arrange 
boiling point 204.5°C. (useeq. 2.11 and Fig. 2.6(a)) 
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(c) If this fraction were to vaporise completely, find thff 
specific heat of fraction in vapour phase (useeq. 2.12). 

4. A natural gas having a calorific value of 43.4 MJ/M* 
and density of 0.632(gms/lit) is allowed to bum at 5 milli bars; 
a replacement with another gas of 25 Wobbe number is sou^^t 
Fhid the pressure at which the gas should be combusted ? 

5. 3000 kilo liters of gasoline of 74 API has to be stored 
in a tank of suitable capacity tmder varying temperatures of a 
maximum fluctuation 22^C. Assuming an average temperature 
of 25°C design a suitable storage tank. Find the breathing losses. 

6. (a) 150 Neutral oil, is having a viscosity^ of 

Find the viscosity index (consult IP tables for getting stand* 
ard value of L & H). 

(b) From its VGC value classify the nature of oil (API 
gravity 30), 

7. Estimate the viscosities of toluene and ethylbenzene, by 
Souder^s method at 25°C. 

8. Find the vapour pressure of a, chlorinated m ethane at 
120°C using Ciaus»us-~Clap^ron equation. 

B.P. 76°.7C 

Latent heat of vaporisation at boiling point: 7140 Cals 
per gm ifiole (Ans ; 1440 mm Hg) 

9. Vapour pressure of a hydrocarbon is represented by the 

4Q 

following eqn. log P(atm) = —;p|^-+8.05 

Calculate the latent heat at one atmospheric pressure and 
boiling point 165°K (neglect liquid volume). 

(Ans. 1200 Cals/g.moie) 

10. The thermodynamic properties of a gave the 

following values at 32®C and 3 Kg/cm*. 

Density of liquid = 0.5635 gm/ca 

Density of saturated vapour = 0.(X1756 gm/cc. 

Latent heat of vaporisatioo » 852 gm cal$/gm. 

10(45*-15V1982), 
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The vapour pressure as a function of temperature was found 
to be represented by the equation 

log P(atm) = o+-^-+l.7S log T+CT 

where T = °K 
a = 1.756 
h = -1337.8 
c = 0.004 

with the aid of Clapqrron equation test the consistency of the above 
relation. 

11. Explain how ATF differs from aviation gasoline. 
What are the additives required for a good ATF ? 

12. (a) What are the different additives used m gasoline 
and diesel oils ? 

(b) Explain the effects of paraffin rich ruel in spark igni¬ 
tion engine. 



CHAPTER 3 


Fractionation of Petroleum 


S.1 DebydratloD and Desalting of Crudes 

All crudes contain moisture and salts to varying degrees. 
Water is likely to occur in emulsion form when the crudes are 
naphthenic or sulfurous. No harm may be expected to the dis¬ 
tillation column due to the presence of moisture^ as there is always 
steam in distillation. However, crude has to be dehydrated to 
remove the salts. Water being good solvent for these salts, the 
removal is very much effective in the form of brine. Of all the 
existing salts, chlorides of calcium and magnesitim distinguish 
themselves in playing an invincible role in overhead corrosion. 
These salts in presence of steam at 1S0°-200°C easily hydrolise 
generating hydrochloric vapours. These vapours cause corrosion 
to the equipment. Any crude that contains^ more than 5 kgs of 
total salts expressed in terms of sodium chloride per thousand 
barrels rn^y be regarded as salty crude. 

Long standing of crudes may permit the separation of 
aqua phase along with salts and other suspended impurities 
(brought during mining operations) ; in other words ddiydration 
removes all salts. In general, ddiydration of crude is practised 
in two stages; first at the site of mine and later in the refinery. 

The following general methods are versatile for dehydratiom 
of crudes. 

1. Chemical treatment 

2. Gravity settling 

3. Centrifugal separation 

4. Electric desalter 

At the oil field, salt is removed by settling or by adding 
chemicals or by oombinatiaci of these two. Crudes possessing 
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emulsifying characteristics are not responsive to the settling 
method; these demand demulsifying agents to increase the 
coalescence of water drops. Soda ash (0.5 to 5%)"**, sodium 
hydroxide; salts of fatty adds (0.05 to 4%), petroleum sulfonates 
are such chemicals; which hasten the agglomerat'on of water 
droplets. A good amount of water should be available in crudle 
for such treatment; lack of water demands fresh additions to the 
extent of 20% even. After adding the chemicals and water to 
the desired extent the crude mixture is allowed to stand at 
75-80°C, at a pressure of 15 Kgs/cm* in huge tall tapks. Pres¬ 
sure ensures the retention of volatiles in the crude. Demulsify¬ 
ing chemicals, if necessary are added in very small amounts i.e. 
few hundred ppm. The storage capadty of such tanks is stupen¬ 
dous and reaches up to 3000 Kilolitres. Good separation into 
hydrocarbon and aqueous phases results when the crude is allowed 
to stand for 48 hours. (See Fig. 3.1a). , 

Coalescence is also aided by passing the mixture through 
towers packed with gravel. The settling techniques are not 
effective and time consuming. Continuous operations are not 
possible with the result large amount of space and equipment are 
to be isolated for this purpose. Sim larly centrifugal separation is 
also not economical due to the huge energy requirements and less 
quantity handled; all these have given the way to electric 
desalting. 

3.1.1 Electric desalting^ 

Simultaneous desalting and dehydration is achieved in this 
unit with a spectacular removal of more than 90% salt in just 
less than half an hour. The principle in this separation is very 
simple; under a charged electric field the polar molecules orient. 
A potential of 20,000 to 30,000 volts is applied between elec¬ 
trodes through which crude is passed. Water present in 
the form of emulsion also coalesces and agglomerates into a 
stream entrapping all the salts in this process. Brine collects at 
the bottom of the desalter, while crude floats above and forms a 
separate stream. 

Compactness, efficiency and ease of operation of these tmits 
aie indubitable W induct every refinery to adopt. Tempera¬ 
ture during dectric desalting is maintained around 90^C and a 
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pressure of 5 to 6 Kg/cm* is also superimposed. Power con¬ 
sumption is also very small, frequently of the order 0.01 Kwiu* per 
barrel. 

Electric desalting technique is purposefully employed in 
treatment of dist llate stodcs, although the aim is different. Acid 
or caustic treated stocks are liable to form emulsions. These 
emulsions are efficiently broken by electrostatic field. Catalyst 
poisoning salts can also be favourably removed. Thus it can form 


DtSALTEtL 

CRUDE 



HiCH VOLTAGE 



Fia 3.1 (a) Desaltiltig by Settling Method, 
(b) Dating bf Electric Method. 
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an alternative method for pretreatment of catalytic cracker feed 
stocks. 

Fig. 3.1b shows dectric desalting technique and Table'3.1 
furnishes die informaticKi regarding various crude treatment 
techniques. 


Table 3.1 


Treatment of crudes^ : 


Temperature ®C 

Type of treatment 

Chemicajl separation 

60-90 

0.05 to 4% sol. 
of soaps in water 
+0.5-5% soda ash 

Electrical 

60-90°C 

20,000 Volts 

Gravity 

80-90OC 

Water added upto 
4% 

Centrifugal 

90°C 

20% water added 


3.1.2 Pumping of Waxy Crudes 

An important factor that stand's in the way of pumping 
crude is its pour point. Pour point is directly related to the 
wax content of oil. Indian* crudes are waxy and hence have 
relatively high pour points. Middle east crudes which are 
credited with high sulfur exhibit astoundingly low pour points. 
Crudes from Assam are characlerisLicall>' famous for high pour 
points; (wax content 16%, pour point about 30°C). Although 
it is not essential that all crudes from the region should display 
the same qualities, in fact often differences exist in the crudes 
obtained from the same field (different wells). To pump sudi 
crudes, is extremely difficult. Often the temperature of the 
environment falls much below the pour point. It is seen that 
viscosity near the pour po'nt abruptly shoots up, adding to the 
difficulties in pumping. Such crudes can be transported cmly 
after conditioning. At the oil field of Nahorkatiya such condi¬ 
tioning plant exists. This plant is only one of its Idnd in the 
world. 




FRACTIONATION OF PETROI.EUM ISI 

The fninciple behind the oonditi<xiing is based upon the 
behaviour of wax itseili. Crude oils containing high wax often 
respond to specific type of heating and cooling. At a definite 
rate of heating and cooling, the response to retain the molfile and 
pumpable characteristics of crude are illustrative and taken 
advantage of. These characteristics once attained shall last till 
further drastic oonditons of heating are administered. The 
conditioning of crude starts with cycles of healing and cooling. 
FVstly, heating is done up to 95°C, followed by cool ng**’^ in 
two stages. First cooling goes down to 65°C followed dosdy 
by another cooling cycle to 18°C at a rate of 0.5°C per m'nute. 
This way, the planned operation successfully modifies the crystajl 
structure of wax to permit the flow. Two such plants are 
planned by Oil India Limited at Duliajan and Moran. 

Other treatments that can be given to waxy crudes are : 
(a) Diluent addition (b) Qiemical additives 

3.1.2.1 Diluent addition 

Solvents although th^ can be employed for this purpose, 
are not used due to the very nature of contamination of the 
products. Best diluent can be water, but required in huge 
amounts, needing large pumps and pipe lines. Economic feasibili- 
lity may be ascertained before such thing is attempted. 

Chemical additives: Cheap diemical additives which can 
depress the pour paints, if available economically, then the treat¬ 
ment sjliall be capturing and becomes an irreplaceable one in in¬ 
dustry. lliis can obviously remove the ills of conchtion'ng plants 
where huge amounts of energy and time are lost. These addi¬ 
tives* are also known as flow improvers. These additives act 
changing the structure of wax and retard the crystal growth. 
Obviously modification of wax structure reduces viscosity. Even 
small quantities of additives, (say 300-800 ppm) can markedly 
depress the pour point by 10 to 16®C. Usually these additives 
will be incorporated after preliminaiy desalting operations at the 
mine. After stabilisation which lasts for a period of 40 to 60 hrs, 
the crude will be ready for transportatioa to refinery. The 
stabilised crude will be in a position to retain the influence of 
additives at least for a month’s time during which refining may 
be done to completion. The additives being hydrocarbons in 
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nature, heating crude to dSstiUatkxi temperature can easily 
decompose them. 

A note on Indian crudes at this juncture is worthy. Crudea 
of India being waxy, naturally drain a substantial amount of 
fordgn exchange in getting the flow improvers. This has become 
imperative on the part of Government to go for native additives, 
Acoordingly indegenous addit'ves like *Flowceir* developed by 
Excel Industries and SWAT 104, 105 & 106 developed by Regio¬ 
nal Research Laboratory, Jorhat, play a vital role in transporta¬ 
tion of Eastern and Bombay High Crudes in the near future. 
These additives, it seems remarkably lower the pour points hy 
10 to 15°C at a marvelously low concentrations of 300 ppm. 
Also simultaneous reduction in viscosity down to 7 to 12 cps 
helps in easing the pumping characteristics. 

SJZ Heating of erode 
Pipe Still Heaters 

Refinery processing is basically a fact rested upon effective 
distillation and condensation. Before the introduction of pipe 
still heaters (1918) into refinery operations, the direct healing 
stills (convective tjrpe) were used for all heating operations. Non- 
uniform heating and excessive heating could not be abated satis¬ 
factorily in these stills; with these inescapable difficulties, tiie 
refinery could not be magnified or utilised for high capacit'es at 
short notice, thus, one has to be content with small refinery sizes. 
The introduction of pipe still heaters, and other chemical engi¬ 
neering appliances into refinery, has tremendously increased the 
activites in trade. Modem refineries are thus compact in size 
and accurate in control, with a degree of flexibility in operatkms 
for quality and quantity prodtiction; hence at short notice the 
production pattern can be changed without much change in 
economy. The versatile use of p^pe stills from topping of crude 
tiQ craddng techniques is exciting. 

Pipe still heaters are different from old still heaters in one 
way; radiant sect'on is separated from oonvection section. 
Prudent [ten ng of radiant and oonvection sections are primary 
OQttsidanatioas for a i»pe still heater for efficacious operations. 
The teoent devdopments in pipe still heaters have brrag^t the 
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heat transfer in radiant section as high as 70%. The stack losses 
and heater losses are brought down to 12% and 5% respectively 
foUowed by a dose response to control. 

Pipe heaters can be conveniently categorised into three types : 

(1) Box/Rectangular, (2) Cylindrical and (3) Radiant Wall- 

All these furnaces have got separate radation section and 
convection section. The most universal classification is based <m 
direction of tubes as well as shape of furnace and mode of appU* 
cation of heat, 

3.2.1 About radiation 

In most of the furnaces, the direction of tubes is horizontal 
as in all box type heaters and vertical n cylindrical stills. Radiant 
walls also use horizontal tubes, however tubes can be placed 



Or • Rote of heat reUast 
Of 9 Rate of heat absorption 
Ta * Temperoture ot combustion spoc* 

T, : Temperoture of receiving body 
T s Psuedo flome temperoture 

Fto 3.2 Locus of heat absorptioii (Stefan Bdltzman EquatUm) 
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vertically also. The ladiant section design is based upon Stefan- 
Boltzman equation given as : 

Qr = 4.88X 10-“ [ To* - n* ] (3.1) 

Where Ta and Tjg are temperatures of furnace and tube in 
°/C. Qf radiant heat transfer (K. cals) per unit area (Sq. meter) 
and time (hr). 

The equation is graphically represented in Fig. 3.2. The 
locus of Qr is showp to be the ixrint of intersection of tube skin 
temperature and tmperature of combustion space, which 
incidentally relates Uie pseudo flame temperature (Tr). 

This equation enables one to judge the amount of heat 
transfer as proportional to the difference of fourth power of 
temperature of the heat generating body and the receiving body. 
This differs very much from convection and conduction, where 
heat transfer is proportional to gradient only i.e. the temperature 
difference of the operating levels. However, here the properties 
of material receiving the radiation are also important. The pro¬ 
perties are not like conductivity or heat transfer coefficient, as 
intended in other hearti transfers, but the visible colour of the 
material only. As black body absorbs all the radiation that falls 
on it, its emmissivity is expressed as unity and other bodies 
(coloured) graded accordingly. Except •mono atomic gases, all 
other gases and vapors aid this mechanism. The angle of vision 
or in other words, the surface which can directly see the flame is 
also very much important. 

3.2.2 Considerations for designing radiant'® section 

(1) Heat duty 

Different heat transfer rates are necessary for different types 
of operations as shown in Table 3.2. Heating rates are specified 
either <ni the basis of projected area of tube or outside surface 
area of tube. Care should be excerdsed not to exceed the heat 
density either on surface of the tube or in furnace. 

(2) Air fuel ratio 

Fud in radiant section does another duty above the normal 
heating duty, i.e. it assists radiant heat transfer owing to the 
presence of tn or multi molecular gases. Consequently a fud 
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rich in hydrogen gives better rachant heat transfer due to the 
fbrmatioii of water vapour after oombustioo. The tatio of water 
vapor to carbon ^oxide usually depends upon the sdr fuel ratio. 
Excess of air fuel ratio no doubt decreases die attainable 
maximum temperature, but increases die partial pressure of 
carbon (fioxide and water vapor, hence increases heat transfer. 

(3) TiAe spacing 

Generally tubes are placed in cme or two rows in radiant 
section. More than two rows arc not opted due to the folkw¬ 
ing reasons: 

(a) the cost of structure support of such rows is prohibi¬ 
tive, 

(b) Maintenance cost shoots up, 

(c) It is seen that third row absorbs only 8% of heat trans¬ 
fer, while first and second rows absorb more than 90%. 
Thus the amount of heat transfer is not economically 
balanced vinth the overhead dharges. 

To clarify further, number of rows bring about blanket- 
effect and all the tubes cannot see the flame; hence a single row 
is even regarded as sufficient. The spacing of two tubes is 
measured by center to center distance. Exxierimental studies 
showed that when the tubes were spaced at larger distances, the 
heat transfer was more. In general, in the furnace, the tubes are 
spaced at a distance of 2 to 3.5 times outside diameter {OB') of 



(a) Box Type 
Fto. 3 J Types of Fomaoea 
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Hie tubes. It may be seen that 5 tubes of 5 cm OD spaced at 2 02>, 
distance will ab^b the same amount of heat as 6 tubes spaced at 
1.5 OD. So an optimum tube spacing can reward the designer. 

(4) Over Burdened tubes 

Some of the tubes (blackened ones in Fig. 3.3) receive heat 
from radiation as well as from convection, as the gases pass over 
this bank of tubes. Th s way the tubes recdve more heat than, 
they can bear or is required. Such over heating exacerbates coke 
fomation and for this reason, these tubes are utilised for super¬ 
heating purposes. 

CONVECTION 

SECTION n__;_ 


(CRUDE'INI 



(b) Separate Convection 


RADIANT 



(c) Down Convection Type 
3.3 Types of furnaces 


($) Cross over temperature 

The net amount of heat transfer in radiant section is deptti* 
dan* upon the available temperature of the gases. Modem fur* 
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ttaocs eactract 60—70% of the net heat available, in tadlant $eo 
tion alone. So the temperature of the gases leaving the radiant 
section has to be calculated from heat balance. 


TO 



(d) 


(d) Kdlog Type 


TO 



(t) 

(e) Up Fired (U.O.P.) Type 



(f) 

(£) Radiant type 


Fm 3.3. Types of Fumaces 


As was mentioned earlier, the convection eone is situated 
eway from the radiant sone, the passage leading from radiant 
aecdon to oonvectioa sectton b called 'duct'. The duct opening la 
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usually i/s of the width of the furnace in rectangular type, and 
the convection section is placed directly on radiant section; for 
circular ^rpe or separate ocnavection type or down convection type 
it is bett^ to calculate the duct area on the basis of flue gases 
generated. 

(6) Combust^m volwne 

Radiant section volume depends upon the fuel-air ratio. How 
ever, it is customary to express in terms of heat release. For 
moderate heating rates, furnace volume of one cubic meter is 
reqmred for 28,000 Kcals (11.7X10* Kjoules) heat release per 
hour. For severe operations heat density may exceed this rate 
upto two times. 

For a satisfactory design, the following schedule of heat 
distribution may be employed : 

Convection heat transfer — 30—^35% 

Radiant heat transfer — 45—60% 

Losses (furnace) — 5% 

Stack losses — 12% 


Table 3.2 Heat duty for Various Oferaitoms 



Projected area 
basis 

Velocity 

M/Sec. 


Kj/hr.Sq.meter 


Topping operations 

25-50X10* 

2.5 

Vacuum distillations 

^ 25-30X10* 

2- 2 

Mild cracking 

14-20X10* 

2- 3 

Severe cracking & coking 

25-35X10* 

2- 3 

Treatment operations 

20-25X10* 

1— 2 

Cracking of gases for olefins 

13-16X10* 

8-10 


Design of a furnace is based upon Hottle, Wilson method 
and radiant heat absorption is given as^^ : 



( 3 . 2 ) 
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where R = % heat absorbed in radiant section 
G = Air: Fuel ratio (Wt. basis) 

a = Factor to convert actual exposed surface to cold sur¬ 
face 0.986 for two rows at spacing 2.0D 
if a is in Kj/hr, 5* = 14200 (Area in 
' if Q in Btu hr\ S = 4200 (Area in Ft^) 
if Q in Kcal hr"^, S' = 6930 (Area in M^) 

Aa ~ Area of wall having tubes in front of it. 

The trend of a is shown in figure 3.4, depending upon the 
number of rows of tubes and pitch distance between tubes, the 
factor varies,” for one row of tubes at pitch distance 2D. a is 
equal to 0.88 and for two rows for same pitch it is 0.986. When 
more than one row is present, a factor can be estimated to 
total number of rows or each individual row to total rows. When 
two rows are there, the first row (nearest to wall) will have 
an a = 0.69 while the next row will have a equal to 0.3. 



Fm 3.4 o-vaiiation with Tube Spacing and number of Rows 

r 

When area of wall (Ao) with mounted tub’ng in front of 
it is calculated, it is obviously immaterial how many rows are 
present as they do not change the significance of arrangement. 
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Lobo and Evans^* method gives a good procedure for cheddng 
the furnace performance which is already in woricing oondition 
but, it is seldom used for design (method) calculations. 

The remaining heat from the gases going out of radiant 
section is sign.iicantly extracted in convection zone. 

Convection section resembles any other heat exchanging 
system, and the design data of such equipment^* may furnish 
valuable information. Unlike radiation ooeiHdent, convection 
coefficient depends upon many factors and the coefficent derived 
by conventional methods does not include the effects of unremit¬ 
ting*-radiation, prevailing in the furnace. The first row of 
convection section is usually submitted to such situation which 
leads to incredibly high heat transfer rates. Monrad’s 
empirical relation for convection coefficient is presented in eq, 3.3. 


. _ 2.845 


(3.3) 


where 


G ss mass flow rate 


D = outside dia of tube, cms. 


$ 


3.2.3 Lobo-Evans Method 

Working of a furnace is checked by this method. Despite it 
looks as an emperical one, it incorporates all the factors that in¬ 
fluence radiation. In Hotld’s equat on ‘S’ factor includes some 
of Jhe factors that aid radiation, however the effects of radiation 
constituents and emmiss’vity factor arc not properly augmented. 
The dieck by Lobo-Evans method consists od the following 
steps: 

(a) o-factor is evaluated, 

(b) Area of wall that carry the tubes is evaluated 

(c) With the known characteristics of fuel and air-fuel 
ratio, partial pressure (p) of carbon dioxide and water 
vapor is found out. F'g. 3.5 (a) 

(d) Assuming adiabatic flame temperature as equal to bridge 
wall temperature, tube skin temperature is found out. 
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(e) Flame emmissivity is related to partial pressure of 
radiant constituents (gases) and! mean radiant beam 
length (L) [ Fig. 3.5(b) ] 

Mean length of radiant beam is dependent on the geo¬ 
metry of the furnace.*® 

For rectangular type of furnace where length : breadth : 
height; dimensions are in the ratio of 1 : 1 : 1 to 1 ; 
2:4; Then 

L = 1/3 Vvol. of furnace 

for circular furnaces L = \ D, where height is many 
times diameter. 

Effective Refractory Area {AR) is the total wall area 
less the effective surface a Ac. 

(f) Exchange factoris evaluated*^ in terms of flame 
emmissivity and ratio of hK/aAa [ Fig. 3.5(c) ] 

(g) Rate of heat absorption (0,) is given by 

a (J 

by assuming ‘R’ a fraction of total heat 
release (0), this can be calculated. 


n 



Fjg. 3.5b Flame Emissivity 
Ixsbo and Evans, (Trans. AJ. ckE.) 





PERCENT EXCESS AIR 



Fig, 3.5c Over-all Excliange factor 
Lobo and Evans, (Tron^. AJ. ch.B.) 
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Fig. 3.5d Psetido flame temp, for cracked-gas fuds 
Ijobo and Evans, (Trans. AJ. eh.B.'i 
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Checking of gas temperature, (which was eartier assumed 
as the bridge wall temperature) is carried out on the basis of 
equation (3,1). The gas temperature, Pseudo flame tempera¬ 
ture and tube skin temperature are obtained from Fig. 3.5 (d). 
Gas temperature thus found should not differ more than ± 54®C. 

Problem 31 

A petroleum stock at a rate of 1200 bbl/hr. of sp. gr. 0.8524 
is passed! through a train of heat exchangers and is allowed to 
enter directly the radiant section of box type heater at 220°C. 
The heater is designed to bum 3,500 kgs per hour of refinery off 
gases as fuel. The net heating value of fuel is 47.46X10® Kf 
per kg. The radiant section contains 150 sq. meters of projected 
area of one row of tubes (10.5 cm OD, 12 m long and spaced 
at2 0D) 

Find the outlet temperature of the petroleum stock, 

Data a=0.88 

Air fuel ratio=25 

Average Specific heat of stock=2.268 Kf/Kg^C. 


SMuHon 

Total heat liberated = 47.46X 10* X3,500 

= 1.66X10* Kf per hour 
Projected area of one tube (LXD) = 12X0.105 

No. of tubes = 12 >^ ' 6 Jog = 120 tubes 

= 0.88X120X0.105X2X12 = 266 Sq.m. 

Heat absorption % (/?) = 


14200 

= 44% 

Ottflet temp, of the stodc : 

MCp At^Q 

1200X200XO.8524X2.268X Af = 0.44X1.65X10* 
(bUs Xliters X sp.gr. X sp.heatX temp.differenoe) 

t = 157®C 

So the outlet temp, is equal to 1574*220 = 377^0 
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Prohiem 3.2 

Crude oil of fhe same cliaracteristics of Problem (Chapter 2). 
No. 2.1 is to be heated in pipe still heater. The crude enters the 
convection section at lOO^C and then enters the radiant section at 
a rate of 1000 bbls/hr. Maximum temperature of the crude 
at outlet is 350*^C. 

(a) Find the area of convection section and radiant section. 
Estimate vol. of furnace. 

(b) Calculate the pressure drop in the furnace 

(c) What is the cross over temperature ? 

(d) Show the arrangement of tubes in radiant section 

Assume 30% Heat transfer in convection 
18% Heat losses. 

Sp. gr. of crude = 0.8570 

Sp. heat of crude = 0.67 cal/gm®C 

Fud net heating value : 13,000 Kcals/Kg. 

Radiant heat transfer rate: 17X10* Kj/Sq. meters 

(on projected area basis) 
Average sp. heat of flue gases: 1.28 Kj/Kg®C 

ScluHon 

Total heat lib^ated by fud == Heat to raise the temp. 

of crude+latent heat+losses. 
Heat for raising the temp, of crude from 100°C to 350®C 

1000X200X0.8570 (350-100) (0.67) 

= 297X10' Reals or (1243.46X10' Kj)-(a) 

Latent heat is to be calculated on the basis of percentage 
vaporisation obtained from the TBP curve of this crude. Frac¬ 
tions, whose boiling point is below 350°C will vaporise. Hence 
the latent heat for such fractions has to be found out as shown 
in Table 3.3 

(a) From Table 3.3 latent heat 94.22X10* Kcals—(b) 

Heat duty (a+6) == 391.22X10' Kcals/hr. 

with losses 18% total == 

heat duty {Q)o — 461.61X10* Kcal/hr. 

or 

1932.77X10* Kj/hr, 
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Amount of fuel required 

= ^^1^ = 3552 Kgs/hr 

Feed outlet temperature in oonvection is roughly calculated as 
Total temperature difference X % Heat transfer 

in convection 

= (350-100) (0.30) = 750 c 
i.e. 1004-75®C = 17S®C 

Hie outlet of the feed in convection section is 175^C. 
evaporation upto this temperature from 100°C is 11.7. This 
amount of crude is kept in liquid state by apfdying pressure. The 
pressure required is obtained from the nomogram Fig. 2.2a 
(Chapter 2). 


Convection Section 

Sensible heat from 100°C to 175°C = 89.1 XIO* Kcals 
Latent heat (11%) Vaporisation = 42.28X10” Kcals 
Total heat =131.38 Kcals 

or 551.8 Kj. 

Remaining heat is absorbed in radiant section 

Total heat : 391.22X10” 

Convection heat 131.38X10” 

{Qr) = 259.84X10“ 

or 1091.33X10” Kj 
Or 

Area of tubes = n Tc ~. ^ rrc> = 91 tubes 
0.15X15Xir 

(length assumed 15 meters Dia 0.15 m) 
Volume of furnace—(/) 

Appropriate heat density per cubic meter 

= 12X10* Kcals. 


So, vol. of furnace: 


Total teat 
Heat density 


193277X10” 

12X10” 

1610 cubic meters. 


Arrange tubes as 

30+30+31 i.e. 30, 30 tubes on side walls and 31 tubes 

on top wall 

Spaced at 2 OD and providing excess space for two 

more tubes on side walls 



FRACTIONATION OF PETROLEUtf 


167 


Wall height = 32X0.15X2 = 9.6 m 
Width of furnace : 31X0.15X2 = 9,3 ra 
Length of tube : 15 m. 

In the roof of furnace a length of 2.0 nieters is reserved as 
opening for convection section inlet, this space is utlised for 
superheating purpose. 

So total width : 2.0+9.3 = 11.3 

Furnace volume checked 1^ this arrangement 

= 9.6X11.3X15 = 1595 meters* 
which is comparable with figure (/). 

In convection section, the area is calculated on the basis of 
average convection heat transfer coefficient. Convection ooeffident 
is evaluated by knowing the flue gas velocity 

Amount of fuel bumt=3552 Kgs/hr. 

Amount of air used = 3552X25 Kgs/hr, 

Total amount of gases : 92,352 Kgs/hr. 

Assuming fuel+excess air as combustion ptoducts. 

Flue velocity (mass) = fr^rl^ Wtion duct 

92,352 

” 2.TJX15'X60X60 
0.884 Kgs per Sq. meter. Sec. 


Convective heat transfer (Qc) = AeUc(LMTD) 

0 

Af (convective heat transfer area) = 

Calculation of LMTD : See Fig. 3.6. 

LMTD : Afi = gas temp. — outlet temp, of 


inlet convection 


crude 


(fi) 


Aff = gas temp. 


outlet 

U 

LMTD = - ■ 

2.303 log ^ 


(J.) 

inlet temp, of 
crude (100“C) 

T, 
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Gas temp, at inlet to the convection section Is calculated as 
shown in part (C) of this problem. 



F[a 3.6 L. M. T. D. Calculation 


So: A#i = 695.6-1750?=; 520 

Atg = the difference between cutting temperature 
of gas and incoming crude should be atleast 
200°C to maintain good draft. 

520-200 


LMTD^ 


2-303 log 


= 334.8'C 


(7o is obtained as 85.86 


kJ 

hr. Sq. m^’C 


(Nelson P. 613 ) 


Area in convection zone = 


5518X10* 

334.8X55.86 


1920 Sq. 
meters. 


No. of tubes = 


1920 


WX0.15X15 


388 tubes. 


(Area of tube vDL) 

(b) Pressure drop in convection section (Pe) pressure dro|> 
in radiant section (P|.)+Pressure to be imposed HI 
restrict vaporization (P^) 

Total pressure drop due to friction 
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Mass vdodty crude at 

1000X200X0.8570X4 
3600XirX(0.15)* 


inlet conditions s 


Vdodty of crude - 

Reynolds No. = = 4.1X10* 


= 3.2 M/sec. 


(/I is viscosity 0.01 Cst at average temp.) 

Reynolds no. shows that the flow is in highly turbulent region. 

P,+P, = where f : Fanning friction factor 

(.005) 

L : length of tubes 
V: vdodty of liquid 
go : 9.81 m/sec? 


2X.005(3.2)*X15 (91+272) 
0.15X9.81 


375.7 meters 


or 32.2X10* Kgs/Sq.meter. 

Total pressure at which liquid is to be pumped into the 
furnace: Pe+Pr+P/ 

(To simplify two phase ilow^ it has been assumed that under 
a pressure of Pf, the crude evaporation may be negleded, hence 
liquid volume is taken into consideration) 

Back pressure required in convection and radiant sections ; 

The outlet temperature of convection section is 175®C % 
evaporation upto 175®C from 100°C = 11.7%, This 11.7% of 
crude should be kept in liquid state by imposing pressure i.e> 
operating under pressure. The back pressure required in con* 
vection section is obtained from the nomogram Fig. 22a 
(Chapter 2) is equal to 11.2X10* Kg/Sq.meter 

Similarly for radiant section (nearly evaporation takes 
place from 175®C—^350®C) is equal to 28X10*kgs/M* 

So the total pressure in the furnace 
= 112X10*+28X10*+32.2X10* 

71.4X10* Kgs/Sq.meter. 


(c) Cross over temperature: 

This is obtained heat bakncei^* in the tadiant secttoa: 



Esdh T B F analysis 



Latent heat required for vaporising of crude from lOO—350**C 
(65.06%) vaporisation 
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Total heat developed—^Heat absorbed in radiant 8ectioa<* 
losses in radiant section = Heat going to convection section 
Assuming 1% heat losses in radiant zone. 

i.e. 1932.77X10®-19.32X10“-1091.33X10*‘ 

A#. 

= 92.352 Kgs/hr 

m = total flue gas 
Cp = Sp.heat 

A# = difference in temp. 

i.e. A? = 695.6®C i.c. 665®C above room temperature 
(d) Arrangement** is shown in Fig. 3.3(a). 

S.S Distillation of Petrolemn 

Distillation is a separation technique used for separation of 
soluble liquid mixtures into individual components. Petroleum 
being a mixture of hydrocarbons has a boil ng range of 160®C 
(methane) to +1000®C or more (pitch) i.e. to say a mixture 
of gas, liquid and solid, requires an effective and economic 
distillation to prooess into a number of cuts of small bolmg 
range. These cuts are later processed and tailored to suit the 
requirements of consumers. Modem refinery techniques have 
meticulously lad the way to recover as many fractions as 
possible from crude, discarding the least possible in view of the 
binding situation i.e. dearness of crude. 

The fractions in demand are in fact the property of a 
country,' (although most of the fractions are common and in 
good demand, though not to same extent), hence a refinery 
should have the fadlit es for such fractions; this in turn makes 
each refinery a complete entity. 

It may be mentioned, a country like the USA is deeply 
involved in production of more gasoline; frequently converting 
70% of crude to gasolene. Whereas in a country like India, the 
picture is different, the accent being cm middle distillates. This 
necessity has made Indian refineries to exalt the production of 
more middle distillates. It is true that the nature of erode 
plays an indecorous role in d‘splaying the characteristics of its 
fractions, often defeating the aims of refiners. Present and 
future demands, future expanaoo, conservation of stocks ete. 
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are some irksome spells, and a refiner has to give deep thought 
for all antidpatea situations. 

The basis of refinery distillation** design rests completely on 
TBP tests. Distillation of crude mainly takes place in two stages. 
First stage distillation is carried out at atmcsf^ieric pressure, hoioe 
the name 'Atmospheric Distillation unit' (ADU) is conferred on 
it. The undistiJlated portion of crude, called reduced crude is 
further (fistilled under reduced pressure in a second unit known 
as 'Vacuum distillation unit’ (VDU). The maximum pressure 
in an atmospheric column seldom readbes two atmospheres and at 
the top of the column the pressure is only few centimeters of 
mercury above atmospheric pressure. These two columns 
differ from oonventionail towers in practice in a peculiar and 
CDnspncuous way by not providing any reboiler. This has been 
overoome by heating the feed to maximum permissible tempera¬ 
ture only once and allowing it to flash in towers. The maximum 
temperature allowed in topphig operations is 375°C Higher 
temperatures are not permitted due to degradation of crude by 
thermal cracking. 

When the crude contains a good amount of soluble gases, 
to avoid load on ADU, a prefiashing or topping column is 
employed. Prefiashing is also useful when crude has to be trans¬ 
ported to a long distance. Light-ends-free crude gives no problem 
in transportation. A crudte containing less than 6% light ends 
(gases) usually offers no problem in transportation. Prefiashing 
is conducted at 100°C under a pressure of 3-5 atmospheres to 
remove these light ends. 

3.3.1 Arrangement of temers 

Distillation or flash vaporisation is conducted in two uints 
in series, when it is known as two stage distillation unit Sd- 
doin do stages exceed three. These towers are dassified into 
thiee distinguished types**: 

Fig. shows the arrangements of these types viz., 

(a) Top tray reflux, 

(b) Pump l^dc reflux, and 

' (c) Pump around reflux towers. 
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3.3.1.1 Top tray reflux 

This tower has reflux at the top tray only and the refltoc 
is cooled and sent into the tower. Fig. 3.7{a). This defies re* 
flux on any other plate. Consequently, heat input to oolunm is 
through crude (bottom) and removal is at the top. This creates 



Rc (q) Rc (b) (c) 


F-FEEOt S-STEAM* R-REFLUX CONDENSERi Ri*Ri.Ri-REFLUX 
R> REDUCED CRUDE 

' Fig. 3.7 Arrangement of Disfillation Towers 

(a) Top Tray Reflux, (b) Pump Back Reflux (c) Pump Around Reflux 

always "a build up of vapor* necessitating larger tower diameters. 
Obviously the reflux is not proper and quality of fractions is not 
satisfactory. Economic utilisation of this heat is also not pos¬ 
sible. However, the unit is simple in design and operatioii. 
But quality of fractions cannot be sacrificed for obvious reasons. 
Hence in practice this type of arrangement is not preferred. 

3.3.1.2 Pump hack reflux {Fig, 3J{h)) 

In this arrangement reflux is provided at regular intervals. 
This helps every plate to act as a true fractionator, due to flse 
fact that there is always good amouxtt of liquid. The to w er Is 
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uniformly loaded, hence a uniform and lesser diameter tower will 
do. The heat from external redtix can be utilised, as it is at 
progressively higher temperatures. However, the design and 
operation of such towers are costly, but provides excellent ser¬ 
vice. Most of the refineries are based on this arrangement. 

3.3.1.3 Pump around reflux {Fig. 5.7(c)) 

In this arrangement, reflux from a lower plate is taken, 
cooled and fed into the ootumn at hgher section by 2 to 3 
plates. This creates a local problem of mixing uneven com¬ 
positions of reflux and liquids present on the tray. To over- 
oome these ados, des gners treat all the plates in this zone as 
one single plate, the result of which is reflected on the heght 
and number of plates in the column. Usually this pump around 
is not placed more than at two sections in a (column. 

F'g. 3.7(b) shows a distillation unit with four side draws 
using pump back reflux. The number of side draws in an at¬ 
mospheric column may go upto eight.‘° Side stream strppers 
are provided to all fractionation units, to ensure quality and close 
cnntrol of products to specifleation limits. 

3.3.1.4 Design aspects 

Design of atmospheric column is based upon experience, 
intuition and emphericism. Because of the unpredictable nature 
of crude, this ^rpe of design has been developed. Crude, even 
though it contains innumerable components, they fall into small 
(dose boiling cuts and so incfividual separation is not possible; 
hence the design is significantly based upon the TBP and EFV 
data. Modem towers operate vitith remarkable accuracy and 
match with any critically designed tower. Adoptability of 
resembling crudes and marginal adjustments in quality of cuts are 
some of the flexibilities of these towers. Further, control by 
(XMiditions and quality of reflux, along with other operational 
parameters contribute much towards desired product pattern. 

Edmistcr,®* Padde,*^ Watk ns“ have furnished valuable 
literature for designing atmospheric and vacuum towers. Padcie’s 
classical work showed the trails of chemical engineering prind- 
ples, though expressed in a different terminology. Accordingly, 
the design is based upon two terms, namely, Degree of separa- 
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tion" and "Degree of Difficulty of Separation”. Degree of 
Difficulty of separation is more or less connected witli the purity 
of products. With increasing closeness of boiling points of two 
cuts, separation becomes a difficult task. So il is expressed as 
the difference between the ASTM 50% boiling points of two 
successive cuts. Obviously larger difference raiders separation 
easier. Degree of separation is encountered in separation of two 
close boiling cuts, irrespective of the attainable purity. It is 
otherwise closely resembling relative volatility. ASTM gap is 
defined as the difference between. 5% boiling point of heavy 
fraction and 95% boiling point of preceeding cut. When ASTM 
gap is not available TBP overlap may be taken into account. 



(a) 

Fia 3.8 (a) T.B.P. Overlap and Cut Point 


1. LIGHT FRACTION 


2. HEAVY FRACTION 
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TBP overlap is the simple difference between FBP and IBP of 
successive fractions. These are explamed in Fig. 3.8(a) & (b). 

Packie’s method is based upon these gaps and overlaps. 
The number of plates in a particular section depends upon the 
gap and re6ux ratio. Separation capal»Uty is denoted by *F 
factor; given as” : 

F = reflux ratioXnumber of plates in that section. This 
F is related to ASTM 50% difference of fractions (successive) 
and the gap of these fractimis, as shown in Fig. 3.9. 

EFV curve obtained at normal pressure should be ccm- 
overted to flash zone pressure; from this corrected EFV curve, 
above-mentioned gap and 50% difference should be found out, 
for all the fractions. In practice a good quantity of steam is 
utilised during distillation, steam being inert causes the reduc¬ 
tion in partial pressure of hydrocarbons in the tower. Reduction 
of partial pressure of hydrocarbons may contribute to a tempera¬ 
ture drop^’ of 10-20^C in distillation columns and side stream 
strippers”. 

The hot crude, where it is flashed in column is called flash 
zone and significance of flash zone is immense due to the follow¬ 
ing facts: 

(a) Increase in flash zone pressure increases draw tempera¬ 
tures. 

(b) Increase in over-flash decreases the side draw tempera¬ 
tures from the second draw onwards. [ Overfiash is 
that portion of total vapor leaving the flash zone boiling 
above the nearest side draw fraction; but never includ¬ 
ed in that fraction. Over flash allowance is kept to an 
extent of 2% total crude processed in column. This 
maintains a good pool of liquid and reflux on plates. 
The outlet of this overflash is mostly from the bottom 
of the column ]. 

(c) Increase in steam in flash zone decreases the product 
temperature. 

,(d) Pressure in fla^ zone is reflected throughout the 
column in the form of plate temperatures. 

Increase in this pressure donands more quantity of 
steam to maintain the designed pattern. It may be 
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stated that while distilling heavy crudes a reductkdi ib 
flash zone pressure furnishes a good yidd of products, 
without this one has to be content wifli the yields of pro* 
ducts as shown by BFV curve at that pressure. 
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ASTM gaps followed m practice 

Light naphtha to heavy naj^tha 
Heavy naphtha to light distillate 
Light <hstillate to middle distillate 
Middle distillate to first draw 


12 to 18®C 
15 to 30®C 
2 to 6°C 
2to 6®C 


3.3.2 Atmospheric Distillation Unit (ADU) 

All distillation towers are plate lype towers. The arrange¬ 
ment of {^tes and tray hydratdics are not discussed here. All 
types of conventional trays like bubble-cap plates,** ballast trays, 
valve trays, sieve platesetc. are in service. Usual dimen¬ 
sions and operating data are given below for an Atmospheric 
dolumn: 


Tower diameter 

Number of plates (depends on 
no. of draws) 

Maximum allowed pressure drop 
per pjiate 

Allowed pressure drop between 
flash zone to top of tower 

Pressure drop from furnace out¬ 
let to flash zone 

Pressure at the top of the tower 

No. of plates reqtured for sepa¬ 
ration 

Light naf^tha to heavy naphtha 
(80®--130®C) 

Heavy naphtha to light distillate 
(180®C) 

Light distillate to middle distil¬ 
late (250OC) 

Middle distillates to gas oil 
(diesel) 330°C 

Plash zone to first draw 

Flash zone to bottoms 

Tower top temperature 

Heflux dnan pressure 


— 5 to 8 metres 
~25 to 40 

0.015 Kg/cm* 

0.5 to 0.55 Kg/cm* 

0.3 to 0.4 Kg/cm* 

— 1.20 to 1.4 Kg/cm* 

(abs)’ 


6 to 8 |Jates 

5 to 6 plates 

4 to 6 plates 

3 to 4 plates 
3 plates 
3 f^tes 
100-U0°C 
1.1 to 1.15 Kg/cm* 
(abs) 
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Steam rate per barrel of crude 4 to 5 Kgs 

Reflux rat'o for light fractiodis 2 to 3 

Reflux ratio for heavy fractions 1.5 to 2.5 

Top of the ADU is fitted with reflux condenser. Gases at 
equilibrium with light naphtha will escape, leaving a mixture of 
of two layers comprising of light naphtha and water. Water is 
drained of from this condenser and light naphtha is sent for 
stabilisation purpose. This reflux oond^iser usually operates at 
slightly higher pressure than the atmosi^eric pressure to condense 
the vapors. 

3.3.3 Vacuum distillation Unit 

Reduced crude from the bottoms of ADU is further distil¬ 
led under reduced pressure to get the remaining (or as many) 
fractions. The bottoms of vacuum distillation column is known 
as ‘Goudron or residuum’. 

Design of this tower is more eniperical than ADU. The 
purpose of this tower is clearly defined even before designing. 
Major alterations are very difficult. Crude certainly dictates its 
destiny, that is, whether the stock is best for lube oils or best 
for cracker feed. Number of side cuts are limited to three, may 
occas’onally go upto four. The operation of the tower is more 
costly than ADU and rests on the economic production of steam. 
Amount of steam in demand is dependent on the extent of vacuum. 
So even the design of tray, plays its own role. A plate that gives 
least pressure drop is well preferred. Steam with vacuum, sepa¬ 
rates the fractions with a good economy rather than any of them 
alone. Vacuum alone is used when highly emulsifying crudes are 
handled, and in such cases, the vacuum is nuuntained below 
ISmmHg. This type of operation is very costly and hence not 
practised. Most of the towers operate at a flash zone pressure 
of 30-40 mm Hg. whi(^ gives a top pressure of 20-25 mm Hg. 
This leaves an overall pressure drop of 10 to 15 mm from flash 
zone to top plate; this signifies the importance of low pressure 
drop plates. It is dearly seen, that by placing the partial con¬ 
densers directly over the head of the column, saves additional 
piping and minimises the pressure drop in a vacuum column : 
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Vacuum tower operating data 

Temperature of reduced crude at 

at flaah zone 
Pressure in flash zone 
„ for long residuums 
Top pressure 
Temperature at top 
Trays between two draws 
Steam (at 370®C) rate 
Over flash 


35a-400®C 
30— 40 mm 
40— 60 mm 
12— 15 mm 
225—250°C 
3 to 4 

0^ to 5 Kg per barre 
2% 


Vacuum distillation tower is designed for a limited numbci 
of products, and a tower contemplated for one operation ma} 
not be suitable for other products. The main products of com¬ 
mercial interest are: 


1. Cracking stocks, 2. Fuel oil mixtures (Heatini 

oils), 

3. Lube oils, 4. Bitumen. 

Towers for the production of cracking stocks require less elaborate 
fractionation. The temperature of the feed stock may cross ever 
400®C. All craddng stocks (catailytic) must be free from detri¬ 
mental metals 1 ke vanadium, nickd etc. to avoid catalyst poison¬ 
ing. Metals and other sulfur, nitrogen bearing compounds may 
not be that much hazardous, when hydrocracking operations are in 
progress. To satisfy such requirements, the vacuum tower has to 
give only one top prodtict and one side product. Bottoms of tower 
are meant for asphalt making. Towers for such operations are 
closely packed; if trays are used, wire mesh screens are inserted 
between plates. This is very essential, at least around draw plate, 
to stop the metallic bodies bemg carried into main product. 
Towers emidoyed for heating oils do not require much fractiona¬ 
tion. However, metallic bod'es should be stopped from mixing 
the main product which alleviates ash oontent Two side stream 
products are usually obtained with difference in gravity to serve 
li^t and heavy duty operations. Such towers are preferably 
fitted with grids or packings. In this case the primary import- 
anoe goes to the spedfleations of products rather than mode of 
opeiatton. When cradeed fuel oils are primarily aimed, the long 
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residuum requirement is higli, aooordingly a moderate vacuum of 
60 mm at flash zone is oondudve. 

Towers devoted for the production of lube mis or waxy dis¬ 
tillates employ 3-4 side draws. These are equipped with trays 
of minimal pressure drop. These towers may be fed with reduc¬ 
ed crudes, bright stocks or other lube bearing stocks for close 
fractionation. Viscosity and flash point specifications are closely 
guarded. Raw neutral oils produced must have viscosity 77 
SUS, and a flash point of 180-200°C. Heavier cute usually 
have 140 SUS and flash point 220°C. In all the towers, draw 
plates are fitted with separators. Lube towers are profoundly 
fitted with cascade trays. When bottoms are the desirables, 
deliberately light, fractions arc allowed to seep into this fraction. 
This enhances the plasticity of bitumen which enables easy 
processing. 

Bitumen is graded by the penetration index. Different ap¬ 
plications require different penetration quality, an index in the 
range of 85 down to 100 is commonly desirable. API gravity, 
in the range of 5 to 8 is recommended. Though bitumen is 
mainly separated under the existing conditions of tower, the 
desirable qualities may not be wdl anticipated. Further processing 
of bitumen is always neoessaiy. Vacuum distillation may also be 
conducted in two stages for effective separation, if speciality oil 
products are ventured. Fig. 3.10(a) (b) describes the arrange¬ 
ment for different operations, 

3.3.4 Overhead Corrosion in Distillation Unit 

Corrosion in distillation unit is mainly due to hydrogen sul¬ 
fide and chloride ion. High sulfur and salt containing crudes 
gener^ly create these problems. Though prior to distilling, 
desalting of crude is practised, ineffective denting presents this 
problem. Slight amount of hydrogen sulfide causes a protective 
film as iron sulfide, but excess of this leaves sulfide km and 
chloride ion as threatening corrosion ocmtributors. Pg of this 
system is directly proportional to the partial pressure of these 
components. Chloride on is mainly contributed 1^ hydrolizaWc 
calaum, magnesium chlorides. If crudes can be desalted to a 
minute extent a Kg of salt per 1000 bbls; perhaps resulting 
aad oonoentratibn may not exceed 0.6 Kg. per 1000 bbls, and 
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though it seems to be not mudi, still it can offer problems under 
those operating oondidons. 

Pmention of this type of corrosion is accomplished by 
sending required amount of ammonia into column. It is also 
seen that the presence of high amount of ammonium chloride can 
lead to severe troubles. Even though ammonium diloride is fairiy 
soluble in water and carried away but a concentration above 
70 ppm would lead to die appearance of crystals. The amount 
of ammonia admitted depends largely on Ph of HaS. The 
system can be written as*^ 

NH8+H,Sa± NH*++HS- 
2NH.+H,S a±2NH4'*' +S“ - 

i.c. 2 moles of NHj can combine completely if second ionisation 
ccxistant of HaS is also taken into consideration. But, it is not 
necessary, as the ionisation constant is very small. 

Ionisation constant (K) for such system can be written as 

- (NH,^) (HS)- 

(N H sXl^^i'tial pressure of H aS) 

From which the partial pressure of HaS can be found CAit. 
The system resembles the situation where NHs, HaS and HaO 
are present*^ Therefore, it is seen that 20 to 30% of HaS, 
should be neutralised leaving excess of HaS’* to form the buffer 
system HaS—NH4OH--NH4HS. That leaves the system at Pu 

5.5 to, 6.5. Modem practice is to use organic^* amines instead of 
ammonia. Amines are more basic than ammonia and serve with- 
out any side effects. These react usually to form soluble com¬ 
pounds with chbride and sulfide ions, thus tendency of cr^tajl- 
iisation does not appear. It may be even significant to introduce 
caustic, if the concentration of sulfur is high. 

3.3.5 Topping Operation 

In practice, separation of different fractions from crude is 
done by simple fractionation. » 

Refinety being a main energy source, has to avail as mudi 
less energy as possible during processing of crude. Bountiful 
combinations of heat exchanging systems were explored for effec¬ 
tive and economic extraction of heat, the result of which a criff- 
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cally designed refinery consumes less tlian, 3 per cent of energy 
equivalent of crude processed. Destined to extract heat from 
different fractions before they reach storage, desalted crude is 
puqmed through different heat exchangers arranged serially. The 
S3rstSi is 80 effective that the temperature of the crude often 
reaches a’XHind 200°C, some reports say almost up to the topping 
temperature. 

It is advisable to route part of the crude through exchangers 
and mingle with the rest of the crude, before it enters pipe still 
heater. The exchangers generally belongs to distillation columns, 
tihrough which hot fracticm exchwge with crude. 

Fig. 3.11 shows a two stage distillation unit. Crude after 
delydrationi and desalting is pumped through a number of heat 
exchangers. Tlie preheated crude enters the furnace (1) to attain 
the topping temperature (normally 330 to 360°C). Tie hot crude 
is flashed in atmospheric column (2). 


The distillation causes the fractions to separate in increasing 
order of boiling pc^ts. The top product being highly volatile 
has to be condensed in a reflux condenser. Some portion of the 
condensed fractiem goes back as reflux. This fraction is ridi in 
volatiles hence stabilisation of these fractions is done to obtain 
components like butane and pentane anddepentanised gasolene. 


All other fractions form the side draw products of distillation 
column. These fractions are precisely tailored in a side stream 
stripper (3). There shaJji be three to five side fractions depen¬ 
ding upon the design. The fractions are usually classified! as 
heavy naphtha, kerosene, diesel. 

Bottom product of atmospheric column is now again routed 
through a furance to reach a temperature of 350 to 400°C and is 
allowed to flash in a vacuum oolumn (4). Vacuum gasoiyheavy 
diesels, lube oil cuts/pressure distillates shall be the si^ cuts. 
The bottom product of vacuum column is known as goudron, and 
is meant for bitumen making or for coking. 

Side stream strippers form usually a part of distillation 
ooluina and their duty is to rectify the fractions to close approach 
of spedffcatkms. From these side stream strippers, tiie fractiotts 
pass through heat exchangers rither for treatment or for storage. 
These are tiie exchangers whidi will supply the heat to crude. 
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Light fractions fioni the reflux oondenser and first side cut 
fraction from ADC, shall constitute the main straight mn 
gasoline fraction. This fraction is.independently stabilised in a 
tall column (5), perhaps containing 40 to 50 plates. 

Stabilisation is required to adjust ASTM distillation chara¬ 
cteristics and RVP of gasoline. The top product from the 
stabiliser is a rich mixture of Q to C 4 fracticm. 

Butanes and pentanes generally are employed for blending 
in gasoline mixtures to guard the characteristics of light ends. 

Stabilisation of crude is also common, specially when the 
crude contains huge amount of light ends. Storing and trans- 
poration of such crudes often pose problems, hence stabilisation 
is undertaken. 

Naphthas (solvents) jet fuels, and other products are 
generally in the boiling range of gasojlines to kerosenes and have 
to be separated either in a different unit or obtained as products 
by modifying side stream stripper operating conditions. 

Problem 3.3 

In a fractionation unit a light fraction, boiling range of 225 
to 325°C, is to be separated from a high waxy distillate (405— 
425^0) using steam distiljiation technique. If the distillation 
temperature should not exceed 200°C, find the number of moles 
of steam required for equimojlal mixture of this stock. Pressure 
of the system remains at 760 mm. 

Data : (a) Vapour pressure of light component at 

200®C = 650 mm 

Vapour pressure of heavy component at 

200«C = 35 mm. 

(b) Mol.wt of light fraction = 225, Cp = 0.47 
Molwt. of heavy fraction = 435, r, = 0.42 

Solution : 

(i) Assuming steam does not condense and the 
mixture is at 200®C. 

_No. of moles of st eam_ n—p ^ 760’-650 

No. of moles of light ccnnponeni^ S5D 

where, = total pressure of tiie system 

p ^ pure component vapour pressure 
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No. of moles of steam to distill light cxxnponent 



0.169 


No. of moles of steam to distill heavy component 
= = 20.7 or 375.6 kgs 


Steam condenses 

At 200®C latent heat of steam = 769.5 (Kcal/Kgm) 

Heat content of the mixture from a temperature of 30°C 

to200oC 

= Wi Cpx dti-hfnz Cpi dtz 

= ML ; and {dtx = dtp) 

= (225 X0.47+435 X0.42) (200-30) = MX7^.S 

M Kgs of steam = 63.7 per Kg mole of light and heavy 
component 

So total steam requirement of 63.7+ 375.6 = 439.3 Kgs. 
Problem 3.4 

In a 6ash vapourisation experiment of benzene-toluene of 
equal amount, is vapourised at 295 mm. pressure and 65°C 
temperature. Find vapour composition. If the separation 
is conducted at 1300 mm. pressure and 110°C, find the composition.. 


- 

Vapour pressures (m.m) 


650C. 

110<»C. 

Benzene 

— 440 

1850 

Toluene 

— 150 

750 

Solution 



Molwt. of benzene 

= 78 


Mol.wt. of toluene 

= 92 


1st ease 



Modes of benzene in vapour 

440X0.5 

— —^ 5 — » 74.6% approx. 


Moles of tduenc in vapour -- s 25.4% 



m 

2ttd case 
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Moles of benzene in vapour = 71.2% 

Moles of toluene in vapour — 18.8% 


PfoMem 3,5 

A distillation column is fed with feed at its bubble point, 
A reflux ratio of 4 is used. From the operating data given 
below, calculate number of plates, feed plate and its tempera¬ 
ture required to obtain the following compositions ; 


DATA: 

Feed (moles) (F) 

Overhead 

Bottoms (W) 

Pentane 

60 

moles (D) 
59.5 

0.5 

Hexane 

20 

0.5 

19.5 

Heptane 

20 

— 

20.0 


100 

60.0 

40.0 

Basis : Reflux ratio 4 




Solution: 

Mde fractions of these components in feed, overhead! and 
bottoms: 



Feed 

Overhead 

Bottoms 

Pentane A 

0.6 

0.992 

0.012 

Hexane B 

0.20 

0.008 

0.488 

Heptane C 

020 

— 

0.500 


1.00 

1.000 

1.000 


Operating lines 


Below feed point: (Reflux ratio) = WD = 4 

Reflux 4Xoverhead = 4X60 » 240 moles (LN) 
product 
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Total vapour = 240+60 *= 300 (Vm) 

Liquid flow downwards : £*»+/* — 240+100 ®= 340 moles 
(Lm) 

Vapor (r^«) : [ (U-W) ] 340-40 = 300 

Operating lines for each component (below feed plate) 

V - T IV ^ ^ - 340 ^ 40 ^ 

■* m — m 


stands for vapor compo«ti<Hi corresponding to Xm. 

For A-.Y^= 1.133 *^-0.134X0.012 

B:Yb = 1.133 *8-0.134x0.488 \ Set—I 

C;Yo= 1.133 *0-0.134x0.5 


Above feed plate, the composition of vapor is given by, 


For A ■.Yj = ^ **+ 3 ^ *i> 
A-.Yi = 0.8 *. 1 + 0.1984 

B \ 5 = 0.8 »irjB+ 0.0016 

C \ Yq 'ss. 0.8 Xo 


(F. = r«) 


Set-II 


Starting from bottom composition, corresponding vapor compo- 
sitkxi is calculated. From the vapor composition using the 
Set-I eqns. for individual compcoients the liquid compositkxi m 
the above i^te is calculated. This procedure continues till the 
feed plate composition is obtained. Above feed plate Set*ll. 
eqns. are used to calculate the compositions. 

It is understandable tiiat the mucture should always boil 
between the BPs of high boiling component and low boiling 
compement. At any temperature in between these linuts, 
equilibrium constants (JC) for each of these fractions are found 
out and to match %Kx^-l. number of trials, for it titn 
necessary. 
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TABLE 34 


Component 

X. 

K’s at* 
795*C 

X. 

F* 


A 

0,012 

3.3 

0.0396 

0039 

0.04 

B 

0.488 

1.39 

0.678 

0677 

0.65 

C 

0500 

157 

0285 

0284 

031 




1.0026 


1.000 

y« is 

corrected 

to 

* ^W-X 

is liquid composition 


in the above plate ; obtained from eqn. of Set-I** 

* Consult Qiemical Engineer’s Handbook, Perry. 

** dements of Fractional Distillation, Rotnnson and Gilliland. 




1.133^^-0.0016 .• 

. 0.039= 
or jr^ = 

1.133 .-0.0016 

0.04 




Xi 

X at 
72.3*C 

2XXi= 

;K Fi* 

K at 

Xa 66.7*C 

SXXa 

Fo 

A 

004 

2.8 

0112 

O.lll 

0099 2.5 

0.2475 

0.247 

B 

0.65 

1.15 

0.7475 

0744 

0.715 0.95 

0.6792 

0679 

C 

0.31 

0.47 

0.1457 

0.145 

0.186 040 

0.0744 

0.074 




1.0052 

1.000 

1.000 

1.001 

1.000 



Xs 

PX 

p 

n 

Fs 

x* 

X at 
54’C 

F4 

Xs 

A 

0219 

2.0 

0.438 

0.388 

1.66 

0.645 

0.571 

B 

0.657 

0.8 

0.525 

0.520 

064 

0.333 

0351 

c 

0.124 

0.3 

0.037 

0092 

024 

0.022 

0.078 




1.000 

1.000 


1.000 

1.000 


* Adjusted value for SJjrjTesl 
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Foed-I Compositioa approximately matches fifth 



Xs 

K at 
46.6*C 

n 

Xe 

K at 
41.7*C 

K« 

X« 

A 

0.571 

1.42 

asi 

0.764 

12 

0.909 

0.888 

B 

0.351 

0.5 

0.175 

0217 

0.41 

0.088 

0.108 

C 

0.078 

0.19 

0.015 

0.019 

0.145 

0.003 

0.004 




1.000 

1.000 


1.000 

1.000 


K at K at 



38.4*C 

Ft 

Xs 

38*C 

Fa 

Xe 

37*C 

A 

1.08 

0.96 

0.952 

1.03 

0.983 

0.98 

1.01 

B 

0.36 

0.039 

0.047 

0.35 

0.017 

0.02 

0.345 

C 

0.125 

0.001 

0.001 

0.122 

— 

— 

— 



1.000 

1.000 


1.000 

1.000 



y$ composition is A 0.993 which is approwmatdy equal to design- 

ed overhead composition 

B 0.007 
C — 

1.000 

Hence nine plates are required for this operaticm. 

Feed plate is number 5. 

Distillation temperature ranges from 79.5®C to 37®C. 

. Problem 3.6 

A crude distillation is a column having a capacity of 
lOfOOO bbls per day. Because of ineffective desalting the diloride 
(Cl-) ion concentration at the top of the column is found to he 
500 ppm. If the crude contains volatile sulfide (HsS) upto 0.7 
gms/liter. Hnd the amount of ammonia required for neutralisa* 
tion. (One barrel is approximately 200 litres) API gravity of 
crude is 20. 
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Sd : 500 ppm O’ ion is equivalent 
__ 500X10000X200 

a 10.0 kgs/day 

H,S content = —" - iTSSl-— = MOO kgs/day 


or 


0.7 gffl. moles 
34 liter 


Ph of the solution to be maintained at 6 
’ System consists of HaS-NH 40 H (NH,+H*0) 

The first ionisation constant of HaS at 25®C=9.81X10^ 
Ph of the buffer is given hy equation 


Ph = PH.+log 


where Ka is ionisation constant, Salt is ammonium hydrogen 
sulfide; and Add is HaS. 

i.e. 6=-log(9.81X10-‘)+Iog(g^) 

log (Salt) = 61+og {9.81XlO-*)+log 

Salt equivalent to 68.6X10~” kgs/day of ammonia, so total re¬ 
quirement of ammonia^ammonia required for diloride ion+63.6 


K)>il7 

35.5 


+68.6X10-* 


as 5 kgs/day 


3.3 6 Calculation op Plate Temperatukes 

It has been reported in the literature that the slope of a fla^ 
curve is practically independent of pressure. This makes easy 
fer drawing flash curve at any pressure, once flash curve at a 
known pressure is available. Either the percentage intersection 
of T B P and flash curve or 50% boiling point of fla^ curve at 
tiiat pressure be known available; The effect of diluent (steam) 
on the overhead product and its temperature (draw) could be 
better understood by the following illustration. 
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Prohlim 3.7 * 

An atmospheric ootumn is operating at 810 mm Hg. The top 
pioduct lig^t naphtha has a final boiling point of 140^C* Reflux 
on the top plate is msuntained at 2.5 : 1. The condensate is found 
to contain 6 Kgs of water per eveiy 100 Kgs of hydrocarbon. 
From this calculate the draw temperature of tray and partial 
pressure of hydrocarbon 

(Assume Mol.wt. of HC as 130) 

From this data it is undSerstood that the 100% bt^ing point on 
flash curve is 140°C at normal pressure. 

100 Kgs of HC 

Total product of HC=1000+2.5X1000 

=3500 Kgs 

Rates = ^ = 26.93 


Moles of steam : 


■06)<3S00 _ 


Total moles = 38.60 


Partial pressure of HC = ^^X810 «= 565.2 

At this pressure 100% £FV boiling point shall be (Fig. 2.4). 
The draw tetrperature of the p]ate=126.5*^C 
In oommerdal operations, the draw temperatures, are found to be 
slightly less than the calculated ones for middle distillates where 
the eflecl of .steam is not commendable. Draw temperatures are 
approximates taken as 

0.88X(5% point on TBP cut) 

The sound method of calculating the temperatures at tiie draw 
plate is by heat balance in that section; however tills is also a 
complex thing. 


3.4 Blekding of Gasounes 

Blending, an important operation in refinery, is a physical 
process in uHbtch aocuratety weighed quantities oi two or more 
components are mixed thoroughly to form a homogenous phase; 
the components mixed being similar or dUsimtlar in nature, 

13(45-155/1902) 
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Most of the products obtained from distillatioa columns are 
invariably blended with fractions obtained from other units to 
help in keeping the wastage minimum and increasing the quantita- 
five producticm. Almost all products from gas to lube ml are not 
only blends of fractions but additives too. All such blends shall 
be formulated to have the required properties conforming to the 
specifications. 

3.4.1 Blending Processes” 

There are two ways by which effective blend can be produced; 
<Mie is by batch blending the other is continuous blending. Batch 
blending starts with mixing known amounts of components in a 
tank mixer. The mixer shall be fitted with an agitator and other 
accessor es like pressure gauge, liquid level indicators etc. Some 
times agitation by blowing air is convenient. Suction blending 
is quite alluring specially when toxic materials like lead, bioddes 
are blended. Mixing in tanks furnishes some advant^es like 
inserting cooling or heating coils in tanks. 

3.4.1.1 Line Blending 

This is widely used in refineries as well as in blending plants. 
All components to be blended are pumped simultaneously into a 
common header at rates specified as per the formulations 
(Fig. 3.12). Rate of flow is proportioned control valves 
tolerated by pneumatic or electric relay system. Signals received 
arc corresponding to flow rates, and these can aocuratdy modulate 
the flow rates by adjusting valve openings. 



Am 3.12 Sehouatic IXagrun for Bfendiiig 
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The long pipe line through which all these proportioned com* 
ponents travel acts as a mixer to produce the Wend. AddStives 
can also be injected into the system. 


PractionotiM Cuts Slorogt Tonhs 
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TABLE 3.6 

SPEcmcATiOK OF Finished Product 


Temperature 

% distillation 

60*C 

10 IBP. 42*C 

11S*C 

SO 

175*C 

90 

Octane No 


(Research) 

Minimum 65 

R.V.P. 

07 Kgs/Cm* 


3.4.1.2 Gasoline Blending 

DifFcrent gasolines like alkylated, reformed polymer, cracked, 
straight run etc. are blended along with various additives to boost 
the performance value of gasoline ; however the blend should 
faithfully respond to the specifications. The two important 
inviolable properties on which blends are critically constituted are 
vapour pressure and octane number. 

Vapour pressure of a mixture can be estimated by RaouUs 
Law. But scant information on the molecular composition of a 
blend does not permit it; and laborious experimentation for 
evaluating molecular oompositiem is also not wise. 

The following problem on blending of gasoline exposes the 
labour involved in such blending operations. 

Problem 3.8 

In a refinery, the following gasolines are available. It is 
desiral^e to make a blend with these, guarding R V P and octane 
number as specified. Formulate the blend 

Solution 

A suitable Uend has to be tried by trial and error methods. 
An initial blend composition is chosen arbitrarily that nearly satis> 
to octane number and RVP. The equilibrium composition of 
liquid and vapour are theoretically found out from equilbrium 
constants (K) at a particular temperature. As shown in speci¬ 
fications, 10% of the stock has to be distilled at 60^C. The probtem 
is to first find out the equilibrium composition of liquid with 





TABLE 3.7 







9.8% 



Kgs/cm* 644-ICC TEL/galfca 


I I 


^ r-* e p ut SS St 

** S § i ^ 


p p o 

§ I I 


S .® 


11 


R 


►^Tl 


timfk ^ 
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HA H* 4 ^ ^ 

P y ^ -v* bo 


tA K 


?o 

a 
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o 

<3 

»i* 

p 

p 

o 

p 

X 

X 

X 

X 

X 




8 

3 


TABLE 3.7 (Confd) 
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, vapour, at that temperature for 10% distillation; the molar ratio 
of vapour to liquid is found to be 0.13/0.87. Now finding the K 
values for tfipse components which depend upon the vapour 
pressures, the vapour composition is found out. 

Say in the case of straight run gasoline a fraction 35 to 50°C 
is named as component (oj), has an equilibrium constant 2.1 at 
60°C. Assuming a feed composition 0.45 mole fraction in the 
mixture, its vapour composition*^ is given by 



L+(l-L)/i:’ 


PJP. = K 


Where = Xx 
Xxr 
I X, 
L 


Px/P = 

Pa 

P 


£q. concentration of A with vapour. 
0.45 

Residual liquid composition at 60°C. 
Fraction of liquid residual. 

K 

Vapour pressure. 

Total pressure (760 mm) 



0.45 

2.1X0.13+0.87 


= 0.3937. 


like this for all oompcments** the residual liquid composition 

(Xg) is found at 

i.e. 0.3937X0.87 = 0.3425 


for all components Oi, Oa, Oa, c are found out when Xa = !• 
Otherwise the calculations are repeated dioosing the different 
compositions of the feed mixture. The voUume of the portion 
distilled' is found out knowing Uie density and mole fraction 
of the individual component in ccmdensed vapotu*, whidi is very 
nearly equal to 10% of the distillation. In the same way the 
calculations are repeated at different temperatures 115^C & 175^0 
and corresponding percentage amounts of distillates are found out. 
The RVP of the final mixture, satisfying the distillation pettem 
is thus evaluated. The blend may slightly differ in octane number, 
and It is to be boosted by lead as shown in Table 3.7. & Fig. 3.13. 

Generally refiners depend upon two components butane and 
pentane as the vapour pressure adjustors. For easy estimations 
depffcntanised gasoline shall be regarded as low volatile component, 
whose vapour pressure is more or less constant at given ten^pera- 
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ture. By adding highly volatile butanes of known amounts the 
vapour peressure can be ^ily adjusted. In practice Wending 
values are assigned to each component and the value, for butane is 
taken as 100. With respect to butane other components are 
assigned the blending values depending upon the volatility. The 
vapour of the mixture can be derived by law of additives. 

Problem 3.9 

Different gasolnes are to be blended along with n-butane. 
Find the resulting vapour pressure of blend from the data given 
below : 



Blending Value 

Volume % 


at 38®c 

in blend 

Alkylated gasoline 

5.0 

10 

Cat. cracked gasoline 

27.3 

20 

Straight run gasoline 

30. 

60 

n-butane 

100 

10 


Solution:— 

Contributed value of each fraction 

Alkylated gasoline : = 0*5 

20 

Cat. cracked gasoline = 27.3 Xjqq = 5.46 

60 

Straight run gasoline = 30 = 18.0 

n-butane =* 100 =* 10.0 

Total value of blend : 23.96 

Octane value of a Wend fWlows strictly the additive principle (by 
volume) ; hence a marginal adjustment may be tried with TEL 
or TML when ever a blend falls short of the value two to three 
units. 

3.42 Integrated Refineries 

Present trend is to install a refinery at the consumer point 
xatrer than at the place of oil production. This can harvest the 
riches to a great extent, as the products are immediately sWd, thus 
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M lub etl hydro finishing 12 Thrrmol crochtr 13 Vocuum distilloto hydro dtsulfuristr 
1* Rtfintry foot oil lor Iwrnoort S boilers 15 Bitumen oir blowing 

Fig. 3.14 Lay out of a modem Petroleum Refinery 
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SECONO stage ^ 

-► VISMEAKEA FEED 

Fia 3.14 La^ ont of a inodern Petndoan Refineiy (couftl.) 
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not much with holding of investment. Further, the basic petro¬ 
chemical industries expedient for other neoessities can be instituted. 
The modem refineiy gingerly incorporates on an intergrated 
circuit, all necessary treatments, waste disposals storage facilities 
etc. A modem refinery lay out is shown in Fig. 3.14. , 

Modem refinery is a much cleaner industry compared' to many 
other industries. However, even if a low sulfur crudle is handled 
the oif gases containing sulfur, shaU be high. For example a 
3 million ton plant processing 0.10% sulfur crude can easily give 
rise to pollution problems (as the off gas contains roughjiy 30% 
of sulfur intake). The tendency, of recovering sulfur is increas¬ 
ing, as it forms a cheap by pix^iict, specially fen* a country like 
ours. 

Disposal of acid sludges, clays, water, gas etc. all require 
prudent planning. 

Fire hazards though uncommon, cannot be overruled. Fire 
fighting equipment should be in the reach of all units. 

Most of the refineries in our oountiy, like elsewhere, are 
coastal based!; this helps in an unfaltering way the (fisposal 
operations. 


PROBLEMS 

1. (a) A petroleum stock at a rate of 1200 bbl/hr. 
(sp. gr. 0.8524) is passed through heat exchangers before it is 
fed into radiant section of a box type beater at 200°C. The pipe 
stiU heater bums refinery off gas at a rate of 3,250 kgs/hr. The 
refinery off gas has a heating value of 11,300 Kcals/kg. In the 
radiant section of furnace, there is one row of tubes of 12 metres 
long of 10.5 cm. O.D. spaced at 2; O.D. The projected are of 
tubes is 150 sq. metres. 

Find the outlet temperature of ml 

(Air fuel ratio 25) 

Sp. heat 2.66 kJAg^C (Ans. 342°C) 

(b) Hnd the volume of the furnace (combustion space only). 
Oomment on the heat density in this furnace as well as heat gene- 
nitioii capacity with respect to projected area of tubes. 

Ans. 560 cubic meters. 
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(c) Calculate the area of duct. Assume a teaaonabile mass 
flow rate of gases. 

2. A petroleum stock at a rate of 1000 bbl/hr. is passed 
through oonvection section of box type heater. In this 
process the temperature of the feed is rsused from 30°C to 180®C 
Assuming an average flue gas velodty 2 meters per sec. at an 
average temperature of 625®C. Find the heating area required. 

Data:— 

O.D. of the tube 10.05 cm. 

Mass flow rate of gases 100 kg/sec. sq. meter. 

Sp. heat of stock : 0.52 kgcals/kg.®C. 

3. Carbontetrachloride to be steam distilled. The ambient 
pressure is 775 mm Hg. Calculate how many K. Cals are re¬ 
quired to distill 100 kgs. of CCU, starting with a mixture of 
50 kgs of water and 500 kgs of CCl* at a temperature of 25*’C. 

(Use Cox chart to get the boiling point of this mixture try 
between 65°C-68°C). 

Latent heat of vaporisation of CCI 4 : 46.5 gm. Cals/gm. 

{Afu. 13504 kg cals) 

4. The vapour pressures for Toluene and Benzene arc 
given below at different temperatures. Assuming that mixture 
ob^s Raoult’s Law construct the B.F. diagram at 760 mm Hg 
total pressure and compare it with 900 mm Hg total pressure. 

Problem 4 : (Data) 


TOC 


80 

82.2 

87.7 

93.3 

99.0 

1072 

109.2 

112.0 


Vapour Pressures 


Benzene (A) 
760 
811 
957 
1123 
1310 
1520 
1^0 


Toluene (B) 

314 

378 

452 

538 

635 

687 

760 


5. A Butane-pentane mixture oontahxing 40% butane is 
distiUed at 90oC at 10 Kg/cm* {U’essure. Find the oompobitioii 
of condensate. 
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Equilibrium vaporisation constant 

for butane 1.32 

for Pentane 1.32 

I Ans, 0.82 Butane \ 

\ 0.18 Pentane I 

6. A 2 mt rebnery distills crude that contains chlorides and 
sulfur to an extent of 700 ppm and 2000 ppm respectively. If 
Ph at the top of the column is maintained at 6; to avoid corro¬ 
sion—(a) find out the requirement of ammonia, 

(b) Blend of naphtha from the same refinery has the fol¬ 
lowing overheadi composition (in stabiliser). Suggest the 
methods for prevention of oorrosicm in stabiliser. 

NO=10ppm; 802= 50 ppm; H 2 S=0.001% 

Other su|lfur 0.0003% 

Compounds 

Chloride concentration = 100 ppm. 
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CHAPTER 5 


Thermal and Catalytical Processes 


5.1 Gnuskliig 

Dissociation of high molecular weight hydrocarbons into 
smaller fragments thnough agency of heat alone is termed as 
thermal cradling or pyrolysis. Cracking can also be conducted 
in pr^ence of catalysts, and this has been differentiated from 
the former one by adding 'catalyst' term before cracking i.e. cata¬ 
lytic cracking. In either of these operations, the reactions widely 
follow the same lines yielding more or less similar products, 
however the course of reactions is explained by a different mecha¬ 
nism. Necessity of cracking operations has become a reality in 
refinety operations to augment &e market demands by converting 
less valued fractions or unwanted fractions to more commercially 
valued products. 

Developed countries like USA, convert more than 70% of 
crude by thermal processes or other techniques to motor spirit, 
while a developing country like ours has scant demand for gaso¬ 
lines though imposing demands for middle distillates exist. 
Thus thermal cracking operations are warranted in every oountry 
though not to same extent or for the same fraction at all times. 

5.1.1 Thekmal cracking reachons 

Heat sensitive, high molecular weight paraffins fragment when 
temperature exceeds 400°C. A molecule of QkHa^^a ; where 
*n* ranges from and above 25„ easily splits into two, almost at the 
middle, resulting in one saturated molecule and other unsaturated 
molecule. 

H C * H«4.«+C , H« 
i- s 

The above reaction is foremost and conclusive at moderate tem¬ 
peratures around 400^C, but fragmentation continues with increas- 
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ing temperature, giving rise to often simple pfioducts and occas- 
sionally complex molecules. Appearence of different intrinsic 
reactions is common, depending upon the mcJecular siae. For a 
parafHn of less molecular order, the following reactions illustrate 
the mode of cracking. 


Ci8 Ce"l‘C* 

c* —> 04 + 02 / 08*1 Oi 


I (rme is always unsaturated) 


Unsaturates (olefins) obtained in the process crack again 


O4H8 02H8 + H2/0,H* + 0H4 + C 
0*H« -> 0H4+0.,H4 (diolefin/alkyne) 
02n*/0,H4 O+H* 


Olefin cracks or dehydrogenates to diolcfin or an alkync. Further 
severity in conditions results in production of methane, hydrogen 
and carbon. These are regarded as stable and end products of 
cracking operatbns. Unsaturates being active under congenial 
thermal craddng conditions form' dimers, trimcrs, etc. i.c. conden¬ 
sation to bigger molecules. 

2C2H4 C4H. 

O 4 H 8 +O 2 U 40 «Ht, 

20aH4-*C«H8(rmg)4-H2 
3O2H2 -> OaHa 


Hydrc^enation also occurs but to a less extent 

CaHa + H*-► CaH. 

Aromatics,* saturated ring structures follow a different pattern of 
cracking. 

Chain detachment is frequent followed by dehydrogenation as 
shown below: 



•R 

1 o| 

-» 1 0 1 +RCH-, 

\/ 

\/ 


ch-'Ch* 

1 0 j 

—► 1 0 1 +H, 

\/ 

\/ 
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Saturates are converted to unsaturates 


I i 
\/ 




1 o I +C,H,+2H, 

\/ 


Ring opens in the extreme conditions of cracking 

/\ 

: CH,+CH.=CH.CH=CH,+H. 

/\ 

I o |-^3CgH«./CH,=CH.CH=CH,+2C 

\/ 

/\ 

I o j C*H4+4C+Hf 

\/ 


Above reactions illustrate carbon and hydrogen formation. 

Light paraffins when subjected to cracking de-hydrogenation 
reaction shall be imminent and it dominates over other cracking 
reactions: 

C4Hxo->C4H. + H, 

C8H,+ CH4 
CaHe + CaH.4 

The tendency of dehydrogenation becomes less, where the chosen 
molecule is above C 4 . Dehydrogenated molecule normally exhibits 
isomeric forms, such as 

C 4 H 10 -► CH^CHaCII^CHj + Ha*” 131.5 kj/mole 

i-butene 

CHaCH=CH.CHa-f Ha — 11.66 kj/mole 
Cis- 2 -butene 

CHaCH=CH—CHa+H* —115.8 kj/mole 
Trans 2-buta:ie 

A plausible explanation based on all these reactions that 

the product of cracking may have higher-molecular weight than 
the feed itself, obviously due to polymerisation or condensation 

Martin and* Will enlisted information on cracking severity 
Md its innate spectrum of products : the information in Table 5.1 
is based on it. 
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5.1.1.1 Theory of Thermal Cracking 

Cracking proceeds via free radical mechanism. Free radicals 
are atoms or group of atoms with bare impaired electrons, thus 
differing from other types of charged particles known as icNtS. 
The following reactions explain the difference. 

Table 5.1 


Thermal Cracking Operations 


Cracking temperature 

•c 

Nature of opera¬ 
tion 

Products 

425—460 

Visbreaking 

Fuel oil 

460-520 

t 

Thermal craking 

Gas, Gasoline. Tar 
oils, Qrculating oils. 

520-600 

I..OW temp coking 

Gas, gasoline soft 
coke, 

600-800 

Gas production 

Gas and unsaturated 

800-1000 

High temp coking 

Gas, heavy aromatics 
pitch or coke 

above 1000 

Decomposition 

Hs, gas, carbon-black 


NH 4 C 1 ->NH«^+CT ions 

!!■*■+H" ] u I -4.* I 

CH.-.CH.*+H- I diarged particles 

n, H*+H* radicals. 

In a molecule of hydrogen there are two electrons sharing the 
spin in c^pposite directions. 

For hydrogen paired electrons are arranged in Soshell like 
[ H i |H 11 • When atomic hydrogen is formed without charges 
unpaired electrons result in S-shell : H* j tl j H 11 
.^imilarl)' 

R.CH,.CHs RCHa'+CHa* 

These unpaired electrons are very active, and try to form stable 
compoundl by acquiring unpaired electrons from sources available. 
Motive power of free radicals to combine with other radicals or 
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metallic bodies is immense; generous <Hssociation into Mnall 
radicals is also high. 

Hydrocarbon (charged) ions are usually referred as carbon- 
ium ions or carbaniun ions depending upon the diarge they cany. 

CH,.CH=CH*+H+-»CH 3 rH*CH, carbonium ion 
CHsCHO+OH"-^ CHaCHOOH carboniun ion. 

The reactions of free radicals are fast; indeed only one radical 
is sufficient to bring about a series of reactions as shown below : 

or Oa O* + O* I radical production 

CsHiaCsHu* + H* ) 

C»H« + H CaHu* + Ha 
C.Hia + CaHa* -► CrHae + H’ 

-^CaHaa’ + CaH. 

CaHr* + CaHia C4H10 + CaHa ) 

CsH, + H* -> CaHa \ 

CaHn' + CbHt’ ^ CgHia I Termination 

H* + H- Ha J 

Different free radicals have different lives. Hydrogen free radi¬ 
cals have the highest stability and so a higher life. The stability 
or life of a radical decreases with the increasing size of mole¬ 
cule. Minimum bond energies invoke the scission at a conve¬ 
nient position during the reactions. The bond energy of C-C 
is 2627 kj/mole while C-H bond requires 358 kj/mole to break 
open. Some of the bond energies given by different authors is 
furnished below* ; 


Bond Energy kj/mole 



Author Polanyi 

Stevenson 

KisttakowslQr 

CHa-H 

42876 

422.90 

426.67 

CaHa-H 

407.84 

40491 

409.93 

n-CsHr-H 

397.39 

41412 

— 

iCsHr-H 

372.29 

391.11 

— 

CHs-CHa 

.36392 

348.86 

358.06 

CHs-CaKs 

355.56 

339.24 

350.54 

CoHs-CsHb 

— 

33a46 

344.68 
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Due to the hig^ stabiUty of tertiaiy carfxMiiutn ions, the asym¬ 
metric carbon bonds are easily ruptured Uian the S 3 m»nctncal 
ones. This is amply suffident to explain why isomerisatioo 
does not result in thermal cracking operations. The free radi^ 
cal mechanism offered by Rice, though it cannot correctly 
diet the composition in kind and quantity of the products, still, 
is the best tool in view of the complexity of reactions. 

5.1.1.2 Properties of cracked materiais 

Product properties are extensivdy dependant on the condi¬ 
tions of cracking. A cracked product acquires refractory 
nature, and hence severe conditions are required for cracking 
such stodcs (these are also known as recycle stocks). For 
smooth operations a fraction of cracked stodc (high molecular 
weight) is mixed with the incoming charge and cracked. 
Evidently the properties that undergo changes during cracking 
are 

(a) Characterisation factor (decreases) 

(b) Boiling point, viscosity, pour point (decrease) 

(c) Unsaturation and aromatisation (increase) 

(d) Octane number of gasoline (increases) and 

(e) Sulfur in cracked products increase as a rule, although 
the maximum amount is found in heavier portions only. 

Cracking being endothermic, external heat is required. Crack¬ 
ing is preferentially conducted to obtain the d^iied products 
as dosely ^ possible. Because of the complexity of reactions 
theoretical predictions may not be csonvincing. Best way to 
produce more of the desir^ low vc^tile fractions is by craddng 
the intermediates obtained in the operatkm. 

Pressure, temperature and time are the main parameters 
which govern the cracking operations. At a given pressure and 
temperature the yidd of M^t fractions is a function of time. 
Time of craddng, at a set conditions of temperature and pressure, 
increases witii increase in API gravity of the feed. This ex¬ 
plains why that heavier fractions crack easily. Yet at times the 
operation becomes extravagant due to hig^ gas production. 
Deposition of ooke diecks the run lengths too. Thus the parsi** 
mony of the process is guided by gas and coke yidds. 

19(45-155/1962) 
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In an operation of a high crack per pass with low recycle 
ratio of intermediates, the resulting gasoline exhibits low and 
bettor volatility and high octane number. The effect of pressure 
on production of gas at different cradcing rates is given in 
Table 5.2. 


Table S.2 


Effect of Pressure on Cracking 


Gasoline 

* 

conversion 

per paiss 

6.6 atms 

Gas (M» bbl) yield 


Pressure 


13.5 atms 

27 atms 

10% 

3.3 

1.6 

1.2 

20% 

8.0 

4.1 

3.5 

30% 

14 

8.3 

6.5 


With increase in yield per pass the heat of decomposition also 
decreases. This is due to the increase in yield of gasoline. Pror 
portiona! increase in yield to heat input is much higher. So at 
an yield of 30% gasoline the heat of decomposition is 1600- 
1700 kj per kilogmm. Yield of gasoline versus heat of decom¬ 
position is shown in Table 5.3. 


Table 5.3 


YIELD OF gasoline AND HEAT OF DECOMPOSITION 


At a set of conditions of operation 


Yield of gasoline 

5% 

10 % 

15% 

20 % 


Heat of decomposition); kj/kg 

5585 

3595 

2492 

1860 

1777 

1672 


25% 
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Summing up ail the facts : 

(1) Pressure for all practical purposes has no direct effect 
on velocity of reaction. If more gases were to be 
produced then low pressures are desirable. With high 
pressures, gas to gasoline ratio becomes less. 

(2) Reaction velodty is directly dependent upon temperature 
only. 

(3) Recycling increases refractory nature of stocks, and 
hence, recycling should not exceed 2 to 3 times of fresh 
stock for economic operations 


5.1.1.3 Effect of pressure on cracking 

Obviously pressure retards cracking reactions. But in 
practice a positive pressure of 10 to 15 kgs/cm* is enclamped to 
minimise ooke formation. Increase of pressure, decreases the 
yield of light fractions but in the earlier stages it may be quite 
favourable for production of diesels or circulating oils. Even 
though the decrease in heavier fraction may be anticipated the 
fall may not be so sharp. 

5.1.1.4 Depth of cracking and soaking factor 

In the initial stages of cracking, partically the concentration 
of feed stock remains unchanged. But with progress in cracking, 
nuxed products result; naturally prodnet concentration shall be 
diffei^t. To express the conversion in a better way,, terms like 
severity or depth and soaking factor are introduced. Severity^ 
is mainly connected with temperature. Soaking factor on the 
other hjuid is connected with temperature and volume of feed 
per umt time. These two can furnish a lot of information on 
cracking operations; and may percept the operations too. 
Soaking factor is a comparative term„ i.e, comparison is done 
by b^ging the conditions of operation to some known 
conditions (Standard). The specified conditions for such 
comparison arc : temperature 426.7®C and pressure S2.7kg/an* 
The soaking factor may be now defined as 

SF='[Rji^^ $ 
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where 


R : constant, correction factor when operating*' 
pressure differs from 52.7 kg/cm*. 

Kr/Kat^r i Relative cracking reaction velocity at any tem 
perature (T). 


^ : Differential coil valumc in liters per bbl of feec 
stock daily through put. 

The above equation is suitable for vapour phase cracking only. 


Rate of Reaction 

Cracking reactions are described as first order reactions^ 
when crack per pass does not exceed 25%. Rate is ^ven by 


where 



In 


a 

o—jr 


t in seconds 

a % of material in feed 

jr % of material that disappears in time t. 

For a feed stock which does not contain any cracked product V 
becomes equal to 100. Frequently x is expressed in moles or 
by volume. When gaseous feed stocks are handled x is presented 
in moles, otherwise in volume only. 

Temperature and reaction rate>constant are rdated by 
Arrehenius equation given below : 

IhK^ ~jff.+C 


where 

R = 8.3143 

T^oK 

E = Energy of activation, kJ 
C == Conitmt 


B and C in the above equation are usually obtained from investi- 
|[ations. Such investigations are plenty in the literature. 

Keith, Ward and Rubin, reported, after extensive studies, 
activation energy for gas oils as —239^/ and *C as 31.924. 
Genisse and Reuter’s* values are sliehthr different and given as 
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-224 kj and -28.8 respectively. Approximate values given by 
i?Jelson**>* as £ = -227.9 & C = -30, would be accurate enough 
for all theoretical considerations. 

Heta of decompojfiHon 

It is not descretly possiUy to ascertain the accompanying heat 
change in the cracking reactions due to the complexities involved 
in bond ruptures and formations. Heat*^ of cracking can be 
calculated by knowing molecular weights of charge stock and 
products. Such simplifications are amj^y available; as an 
example, an equation of immense help is presented below: 

Heat of cracking (kj/gm) = 
where 

-1150.20 

Mc/Mp mole weights of charge and products. , 

The best method of finding out heat of decomposition is from 
the principles of conservation of energy i.e. heat of combustion. 
Heat of decomposition = (Heat of combustion of products)— 

(Heat of combustion of feed stock). 


Problem 5.1 

A thermal cracking operation of heavy gas oil has given 
rise to the products as g^ven below. 

(a) Find out the heat of decomposition per kg gasoline. 

Data : Feed °API-37 

Temp, of cracking—450°C 
B.P. of feed .330- 380OC. 

Products: 

Gases—12.3% average calorific value at 30®C 

10.16X10* kjAg:. 

Gasoline—30.6%, 68 ®API, 44.22X10* kJAg. 

(Cal Value) 

Residuum-15% ; 15 API; 35.53X10* kjAg. 

(ai. Value) 

Losses—^2% 

Uncracked feed-40.1% ; 41.8 kj/kg. (Cal. Value) 
(balance) 
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Basis 100 kg of iheceuy gas oil 


Constituent 

-API 

Amount 

(Kgs) 

Heat of combus¬ 
tion at 30-C 

(kJAg) (X10») 

Total Heat 
content 
kj (XIO®) 

Oases 

— 

12.3 

5016 

622.38 

Oasoline 

68 

306 

44.22 

1,353.13 

Residues 

LS 

150 

35 53 

532.95 

Losses 

— 

2.0 

— 

— 

Remaining .stock 

37 

401 

4180 

— 


Total heat content of products 

2,508.46 


Heat content of feed (including losses) 
(100-42.1) (41.8) 10» =• 2,420.22X 108 
Heat of dissociation = (2,508.46-2.420.22)108 

= 88.24X10* kJAg 

Per Kg gasoline = **‘ 30 ^*°* = 


(b) If the cracking is conducted for 28 min. at 450®C, find the 
reaction constant and activation energy. 

Assuming C = 30 


In 



+ C 


_ 1 
“■1680 


100 where x « 30.6 
100 —JT gasoline produced. 

100^076 " 2.174X10“* sec. 


Substituting for in the equation 

R = 8.3143 
T = 7230/C & C = 30 
Activation energy, E = 230.726X 10* 


5.1.2 Visbreaking 

In the wide spectrum of thermal cracking operations 
(Table 5.1), visual observations reveal visbreaking is the inci- 
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pient stage. Its name significantly exposes that there is reduc* 
tion of viscosity during this operation. Materials like residuums 
of not direct utility or stocks besieged with difficulties due to 
high pour point, form the palapable feed stocks for this operation. 
The liquid products may be used as good cycle stocks for catalytic 
crackers although the commercially valuable main product is 
listed as fuel oil; light fractions like gas and gasoline invariably 
accompany in all the cracking operations. 

5.12.1 Visbreaking operation and description 

Fig. 5.1 shows the operation. Feed stock comprising variety 
of materials ranging from asphalts, short residuums to medium 
oils is blended separately and passed through heat exchanging 
sy.stem (1) : the temperature rise in such exchanger is close to 
250°C. The prdieated stock, is heated in a furnace (2) to attain 
a temperoture of 470°C. A pressure of 10-15 kg/cm* is essential 
to keep the coke forming reactions in dormant state. Obligingly 
steam admission into feed stodc checks coke formation, thereupon 


coioeiiset ♦ strw x 



the life of tubes can be increased. The cradeed products pass 
through a pressure releasing value (3) only to be quenched in a 
quencher (4) effectivdy with processed heavy oils. The lig^ 
fractions and bottom fraction from this quencher go into a 
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tillation coliunn (5). At the top of column, the condenser 
system separates water and supplies adequate light fraction reflux 
to oolumn. These light fractions with gases are sent to an 
extractor (7) to absorb gases. The top portion of the extrac¬ 
tor is meant to dissolve gasoline like fractions in circulating 
oils, and the bottom section of the extractor acts a stripper 
to free the gases. The circulating oil with dissolved 
fraction is again sent back to the distillation column (5). 
f^rom the side stripper (6) the circulating oil is tapped as 
a bottom product, part of which is mixed with the bottoms of 
column (5) and sent to storage system through process heat 
exchangers. The addition of circulating oil to fuel oil main¬ 
tains the required plasticity. Gases from stripper are sent to 
gasoline stabilizer for recovering butane and the rest are sent to 
gas stream circuit of refinery. 

5.1.2.2 Operatmg conditions and products 

Operating data on visbreaking of Nahorkatiya* long resi- 
duums are furnished in Figs. 5.2a & b. With increase of crack- 



Residtnct limc.mts 

Fig. 52(a) Yield of Fuel oil as a function of 
Residence time and Pressure 


ing tiine and temperature, li^t fractions increase, wfiidi corres* 
po od i n gi^ decreases the fuel oil yield. Though pressure has no 
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profound effect on liquid products, still a decrease in gas qaan- 
tity at increased pressure is a usual happening. 



5.1.3 Cracking for production of gasoune 

Each stock has certain characteristics that govern the opera> 
ting conditions during cracking. These set conditions shall 
satisfactorily yieldi the selected product to desired levd. But 
the mixed stocks (or recycle oils) cradc at more stringent 
temperatures. This can be separately met by devoting askother 
coil exclusively for sudh refractory stocks. Modern refineries 
have anticipated such situations and instituted four coil furnaces. 
Each coil in such furnace can carry out specific duties. To 
elaborate further, one owl may be assigned to visbreaking opera¬ 
tions (low temperature and pressure). Second coil may be 
reserved for craving heavy oils where temperature and pressure 
may be 520®C and 25-35 atmosj^eres respectively. Like this, 
the other two coils may be operating at different ccmditions (for 
reforming or treatment techniques etc.), This type of furnace 
excdls the other heating methods in rendering eccmomic benefiits 
to the refiner. Present pipe still heaters are capable of raising 
the temperature of feed stock to 500®C in a short time, may be 
less than three minutes. 

Cracked products leaving at that high temperature arc still 
active with abundant free radicals, hence immetUate quenching is 
indespensable. For economic reasons quenching is ddiberuiel^ 
done with the fresh feed stock. This serves in addition fo 
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extraction of heat from the products thus ceasing the fnee radical 
activity, as a partial stripper to remove any volatiles present in 
feed stock. 

Production of gasoline from high boiling fractions, was in 
fact an old process, specially by thermal cracking operations. At 
present the old m^ods are not given any weightage, however, 
Dubbs two coil cracking process with its own reputations had 
continued to occupy a valuable position in thermal cracking 
operations till today. 

5.1.3.1 Dubbs Two coil cracking process 

To meet the mounting demands of gasoline, cracked gasoline 
was first produced by Burton in 1912. Ever since that time 
various processes arc in service to meet the fast rising demands 
for gasoline. Presently, refiners are not fond of producing 
thermal gasolme due to the extolling performance of catalytic 
crackers. Growing tendency of using this Dubbs two-coil-crack- 
ing for production of fuel oils from residuums or cracker feed 
stocks is due to its capacity to handle less valuable feed stocks. 
Further considerable reduction in coke formation is a welcome 
advantage over other thermal cracking operations. 

Fig. 5.3 furnishes the flow sheet of this process. Firstly, 
the reduced crude (F/S) enters the distillation column (4). Here 



extraction of heat from cradeed products takes place; also any 
volatiles present in the feed are stripped off. From the bottom 
of the column heavy fraction is taken and cracked in a coil (1). 
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ITic temperature and pressure ixi this coil are maintained at 
520®C and 30 atmospheres respectively. Light oil (circulating 
oil) a fraction obtained as a lower side cut from fractionation 
oolumn (4), is routed through light oil coil (II)» where the tem¬ 
perature shall be atleast 30°C higher than the other coil. The 
cracked products from both the cods are streamed into reaction 
chamber (3). Pressure in this chamber is maintained at 15 to 
20 atmospheres. This pressure is essential to prevent excessive 
coke formation and increase liquid fractions. The products are 
now led into an evaporator (5) where heavy fraction is obtained 
from the bottom of the evaporator. Overhead fraction goes 
into fractionator (4). Heavy fraction from the evaporator is 
fuel oil and its pour point can be regulated to certain extent by 
recycle ratios of light to heavy oil. Usually, this ratio should 
be within 1 to 2. Hig^ severity and low recycling ratios result 
in better volatility and octane number of gasoline, although the 
quantity produced is less. With increasing severity, more gas 
and carbon formation are obvious. Gasoline, from low pressure 
operations is enriched with unsaturates and aromatics. An octane 
number of 70 is common, though it can be more if feed is more 
luphthenic. As a rule, sulfur in cracked products Increase, 
though maximum ooncentration shall be in the bottom product. 
Gases are reported to be 50% unsaturated and form good feed 
stocks for polymer and alkylation purposes. 

5.1.3.2 Suspensoid CatalyHc Cracking 

This' is once through process, and owes its birth from thermal 
cracking operations. Main idea of this process is to deposit all 
the coke that is formed in the operation on catalyst itself. 

The process consists of first mixing the catalyst and feed 
stock in proportion and passing through heater. Cracking takes 
place in presence of catalyst. At the delivery end the products 
of cracking are separated from the catalyst in a separator. Heavy 
fraction (tar) with catalyst particles is carried to a filter, where 
separation of catalyst takes place. Carbon on the catalyst is burnt 
off. In this operaticxi high temperatures can be used. 

5.2 Gatelytic Oraddng 

Catal 3 d;ic cracking is the inost widely used refinery process 
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£c»r converting heavy oils into gasoline of high octane value. Hue 
forms the heart of U.S. Refineries and is reputed to remove the 
ill effects of thermal craddng, such as unsaturation of products, 
high carbon formations and low yields of gasoline. In I95S 
catalytic craddng capadty of the World was 13.3% of crude,, 
wdiile this is reported to be 6.9% in 1966, though in this decade 
demand for gasoline remarkably doubled. Alternative methods 
of production of quality gasoline have successfully permeated into 
industry. 

Basically, catalytic cracking is distinguished from thermal 
cracking in the reaction mechanism, which is called carbonium 
ion mechanism. Carbonium ion mechanism reckons with the for¬ 
mation of more stable saturated cc»npounds with abundance of 
isomeric reactions accompanying. The stability of these ions is 
mainly guided by the nature of molecule undergoing cracking, than 
the environments of cracking. 


5.2.1 Carbonium Ion Chemistry 

Most of the reactions like alkylation, pc^ymerisation, cat- 
craddng, hydrocracking, reforming etc., involve organic chemistry 
of carbonium' ion. Unlike free radicals, these are charged 
groups. A positively charged organic ion acting in chemical 
reactions, as if the charge were localised on one carbon atom, is- 
known as carbonium ion. Electrophillic additions (Lewis adds) 
give such kind of charged ions. The formation of such ions is. 
known as protonation (with Bronsted adds). 

Proitonation of an defin 

RCH : CH,+H+-^RCH+CH,/RCH,CHg+ 

Additions of Lewis adds 

RCH : CH*+(BF,/AlCl,/Fea.)-*RCHF.CH,*4‘BFr 

and the (BF.+F) reaction goes on till (RCHFCH.IOiB results. 
Breaking of carbon halogen bond 

a 

R-CH,-C -CH.+Aia, -♦ RCH,.CH+CH,+Aia.- 
H 
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Aromatics react with eiectrophiles (O'^) 

/\ /\/®* 

I o I +a,(Fea,) -►I o I +Fea»- 

\/ \/ 

The life time of a carbonium ion may vary from a fraction of 
second to minutes (indyl cations exist even for months in sulfuric 
add). Tertiary cartx^um ion is the stablest one followed by 
mondary and primary carbonium ions. When protonation takes 
place, a primary carbonium ion may result, 

CH, 

I 

R . C =CH,+H''’ -> R. CH . CH,’*' is less favoured 

I 

CH, 

than R.C*** CH, 

I 

CH, 


Now additicoi takes place according to Markovinkov's rule 

R.C+.CH,+F--^R.CF.CH, 

I I 

CH, CH, 

Number of steps are involved in these reactions like (a) proton 
•elimination, (b) hydride shift, (c) methyl shift, (d) addition, 
(e) cracking, (f) hydride transfer, (g) termination of carbo- 
kmim ions. 

Methyl shift is similar to hydride shift 

c c c 

I i i 

c-c--c+-c-c-^c-c-c+-c-c 

II *1 


Axidition to an olefin 


C 

C-C++C = c-c 


c 

I 

_c-c-c-c»-c 
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Cracking to an ol^n (fi. Scission) 

C C 

C-C:-C-C+-C-» C-C-C++C « c (olefin will not 
I I have charge) 

C C 

Hydride transfer 

C C 

I I 

C-C-H+C-C+-C-C-CC-C+ 

'c 'c h 

H 


+C-C-C-C-C. 


Reactions with counter ions (or termination) 

• i • Jl 

-C-C+ +OH- -C-C (OH) 

i I i I 

I I 

C-C++HS04“-+C-CH(S04)+H+ 

1 i 

C « C+H+ CH- C+ (initiation) 

H++F^-»’hf‘° } (termination) 

C—C** +F- C—CF (termination) 


Carbanion ions (negative charges) are apt when reactions proceed 
with alddiydes or ketones. 

O OH 

r.I!:.h+oh--*r. c- 

I 

OH 

Add sites of the catalysts provide such charges. All catalytic 
reactions can be explained ^ this way. Even naphthenes can 
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undergo hydrogen transfer to produce aromatics^ is a good 
example of such transfer. 

Heats of formation of unsolvated carbonium ions, kj/mole. 

CHa+ - 1095.95 
CH,. CHa* - 936.99 
CH». CH*. CH** - 903.53 
CH,. CH*CH,-794.77 
CH, CH* CH* CH** - 865.88 
CH, CH* C*H CH,-757.12 
(CH,),C*-694.38 

The heats of formation show that methyl, ethyl, ions have very 
high values, this explains why catalytic cracking yields little 
methane, ethane or ethylene. 

Reviews of Sitting* provide an excellent thesis on the subject 
of early 50's. Earlier catalysts of importance were silica- 
alumina type; the introduction of zeolite catalysts containing Ca, 
Mn or rare earths have really boosted the industry with unex¬ 
pected dividends. All these catalysts subscribe to acid cites 
(Bronsted) that cause protonation. 

5.2.1 Feed stock and Catalytic cracking conditions 

Catalytic cracking is conducted relatively at less severe 
conditions. Temperature in all catal 3 rtic cracking operations lies 
in th^ range of 450-510°C; pressure, although specified for each 
type of reactor, does not exceed two atmosph^es in fluidized 
bed reaebrs. In addition to these operating variables, catalyst 
to oU ratio is a set factor for a particular kind of operation. 

Feed of catalytic crackers is gas oils or blends of thermally 
cracked oils. With modem tendency to utilise even r^iduums 
or solvent extracts, the feed characteristics are more decisive. 
Feed stocks generally contain sulfur and nitrogen; these 
with metals present in oil, give trouble to the refiners. Sulfur 
and oxygen compounds exhibit pugnadous effects on catalysts. 
Nitrogen though available in small quantity; 30 to 50% of it is 
frequently basic. This harms the catal 3 rst hy reacting witii add 
cites. Voltz et* al discussed the effect of basic nitrogen on con¬ 
version rates and on decay coeflident of catalyst (see Table 5.4). 
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Table 5.4 Emci or mihocbn on GUcuiro 



Crack- 

Ko 

Ki 

Kb 

Decay-c(>* 


ing 




efficient 


Temp. 



• 


Midcontanent 
gag oil 

536 

427 

33.1 

3.59 

32.8 

(a) 






Fresh oil 






(b) 

494 

28.4 

24.1 

2.07 

33.4 

-|-0.1% wt. of 






basic nitrogen 





(a) 4* 01% 

„ S36 

22.5 

172 

221 

30.5 

(b) -f -do- 

., 494 

13.8 

103 

022 

29.3 

(a) 4-02% wt. 

of 





basic nitrogen 






536 

16.3 

127 

1.97 

273 


vrfaere, Kot=rate const for gas oil cracking, Ki=rate const for gaso¬ 
line formation, K 2 =:rate const, for gasoline cracking. 


At least half of the known metals arc present in petroleum, 
although in traces^®, such as vanadium, nickel, iron, copper, etc. 
restrain the functions of catalyst by effectively blinding the 
active cites. Straight run and vacuum gas oils are relatively free 
from such metallic bodies, but residuums definitely call for 
special attention. The ability to feed the heavier portion of 
crudes to Fluid Catalytic Crackers depends to some extent on 
vanadium and nidcel content. Phillips Research and Developr 
ment^^ Fadlities devised a piocess usmg an additive contaiiung 
antimony that will passivate the metal contaminants. By this way 
catalysts nuiy be able to take up feeds of 12,000 ppm of nickd 
vanadium complexes. Conradson carbon residiie of the stocks 
should be kept wdl bdow 4% to limit carbon formation. 

Pretreatment of such stocks is immensely regarded as bene¬ 
faction to catalytic cradcing operations, not only in safe-guard¬ 
ing the fife of catalyst, but also saving the time and amount in 
purifying eadi fraction. Sulfuric acid tr e a tment furnishes effec¬ 
tive removal of sulfur and nitrogen compoonds. 85% add 
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Strength is common for such treatments. Even some of the base 
metals may be dissolved, but the probability of elimination ol the 
metals by sulfuric acid is not satisfaclor)'. Phenol or furfural 
treatment is indespensable for aromatic (condensates) rich 
stocks. Deasphalting of residuums generally eliminate—^highly 
condensed structures. These condense<l structures contain metals 
too, in ad<iition to sulfur and nitrogen bearing resins. Sulfur pre¬ 
sent in aromatics usually favour ^ more coke formation during 
cracking. 

5,2.2 Cataiytu crackers-- Tyi»i<:s- Working 

Catalytic cracking is conducted over hxed lieds or in mov¬ 
ing l>eds. 209 ? of catalytic cr.uking’- as it .stands now is done 
ly moving betls ; while 80% of cracking is left with fluidized 
Ixxis, fixed beds are now obsolete. Pellet form catalysts are suit¬ 
able for fixetl bed operations, while moving l>e<.ls function with 
lieail.s. Moving beds, initially, used bucket elevators to lift the 
catalyst upto disengager but now air lifts have successfully re- 
placer! such mechanical designs. Zeolite catalysts’’ in the form 
of beads (of Calcium, Manganese and rare earths) are new 
arrivals in this field since 1965, and the commercial production 
of these has become immense. Dura bead type catalyst prepara¬ 
tions’* or even zeolite catalysts with active cites crack ten times 
more than low alumina catalysts or twice as much as high alumina 
cataly.sts. Cracking with less depositu ii of coke on surface of 
catalyst is an admirable thing with these zeolites. At 70% con¬ 
version, zeolites yielded only 6% coke while low alumina cata¬ 
lysts produced twice this amount. Yield of gasoline is also up 
by 10% with zeolites. (See Table 5.5), Zeolites further improve 
the selectivity characteristics that njay result in quality rather 
than in quantity of prodccts. Gulf’s FCC’® catalysts were develop¬ 
ed to suit high temperature operations, that usually happens in 
short omtact risers. These produce 7% more yields of gasoline 
than the long contact risers. Short contact risers are capable of 
producing gases rich in olefins. Moving and fluidized b^s sus¬ 
tain the endothermic cracking reactions with the residual heat left 
in the catalyst during regeneration. Regenerators and reactors 
are placed dose enough to save the heat energy of the operation. 
Perfect heat balance in reactor and regenerator system is left 

20(45-155/1982) 
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with adulation. However, fixed beds have to survive by constant 
circulation of molten salt from regenerator to reactor, the only 
method of supplying heat. Obvious advantages of fluidized and 
moving beds have terminated the expansion of fixed beds. The 
old units are still continuing, without any advancement. 

Recycling is a common phenomena with some types of feed, 
and fresh feed to recycle stocks'® are kept in 1 :2 to 5 :1, 


Table 5.5 

Fluid Bed Cracker Yields with different catalysts 



Low 

alumina 

High 

alumina 

Zeolites 

Conversion % 

61 

68 

74 

Q+Ca+Ha wt % 

1.674 

1.672 

1.755 

C8% vol. 

8.4 

8.2 

7.4 

0*% vol. 

6.2 

7.4 

9.4 

Gasoline % vol. 

50.5 

58.0 

63.5 

LGO % vol. 

12 

14 

13 

Coke % wt. 

6.0 

6.0 

6.0 


52.2.1 Reaction Variables 

Pressure, temperature and catalyst to oil ratio are the usual 
parameters that ts^e care of cracking. Catalyst to oil ratio is 
a variable factor, as the activity of catalyst swiftly dimishes with 
usage. Even after regeneration the carbon qontcnt of catalyst 
docs not go below 0.25% ; this causes fatigue in catalysts, consc' 
quent effect of which is improper cracking. Surface area is 
another factor ; the sharp drop in such active area in equilibrium 
catalysts, followed by increase in bulk density with cracking time, 
vastly induces the conversions. Tlius, catalyst oil ratio, catalyst 
activity and space velodty should be treated as dependmt vari¬ 
ables in die reactor operation. Physical composition and some 
important properties o*f catalysts used in moving beds and FCC 
units are sho^ in Tables 5.6 and 7. • 
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Reactor temperature and pressure are truly independent 
variables. In short contact risers (where the time of contact 
between oil and catalyst lies between 1 to 4 sec)a high im¬ 
provement in octane'* quality is achieved due to cradcing at 
higher temperatures. Pressure has no direct impact on crack¬ 
ing reactions. Pressure is often set by the unit capacity. 
Regenerator pressure is always opupled to the reactor system. 
The increase in partial pressure of oil causes much coke forma¬ 
tion. Catalyst being a fine powder in FCC units excessive 
regeneration pressure will give problems. 


Table 5 6 Moving bed CArALYsrs®'** 


Durabead catalysts (two types No. 1 & 5) 


Chemical 

No. 1 


No S 


composition 

Fresh 

lv|uili- 

brium 

Fresh 

Equili¬ 

brium 

SiOa 

00 


85 


AhOa 

97 


12 


CfaOs 

015 


015 . 


Na 

01 


01 


SO 4 

01 


01 


Rare earth oxide 

— 


2.5 


Density gm/cc 

0.7 

0.78 

067 

0 7S- 

Particle dia nun 

3.5 to 36 

31 

3.5 to 36 

31 

Surface area sq tn/gm 

195 

85 

200 

135 

Average pore dia "A 

72 

141 

92 

110 
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TABLt 5,7 : CoMPAElik)N OF P«OPERTIES“* OF FrESH AND 
£uuu.iBRruM FCC Catalysts 



Amorphous 
high alumina 

Zeolite 

XZ-2 


k'resh 

Equili¬ 

brium 

Fresh 

Equili¬ 

brium 

Chemical analysis 





(dry basis), wt.% 

Alumina** 

28 

21 5 

31 

25.4 

Carbon 

0 

020 

0 

025 

Sulfate 

0.7 

01 

0.3 

01 

Sodium 

oai 

0.02 

004 

004 

Iron (ppm) 

300 

3m 

700 

3700 

Metals 

0 

162 

0 

259 

(ppm of V+Ni+Cu) 

Physical properties 

Surface area, m*/g 

415 

140 

335 

97 

Pore Volume, cm®/g 

088 

0.43 

060 

045 

Av. bulk density g/cin‘* 

030 

0 70 

052 

068 

Particle sue, 
micromesli .sieves, wt % 

0 to 20 nm 

2 

0 

2 

0 

0 to 40 /im 

17 

8 

19 

6 

0 to 80 /im 

68 

69 

75 

75 

Av. particle si/e, /ivn 

65 

63 

62 

62 

Catalytic activity 

Microactivity, vol.% 

Conversion 

6 (P 

59« 

85 

73 

Carbon factor 

1.0 

1.1 

0.6 

06 

Hydrogen factor 

1.0 

1.1 

02 

0.7 


(a) By courtesy (Marcel Dekker inc. New York) taken from “FLUID 
CATALYTIC CRACKING with Zeolites" by Paul B Venuto, p 46. 

(b) Equilibrium values are low due to presence of some residual low 
alumina of long age. 

(c) After 24 hr/lOSO^F/bO psig, 100% steam. 
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5.2.2.2 Impact of catalyst to oil contact time oft selectivity 
60% of total conversion results in short contact risers where 

time of amtact between oil and catalyst may not exceed 4 seconds. 
Catalyst separation is done iiTune<liately after efiluents leave the 
riser. This is achieveil to a maximum extent by decreasing the 
velocity. ITie dense bed environments cause Ijack mixing and lead 
to secondary reactions which contribute excessive coke forma¬ 
tions. Avoiding such contacts may be |v)ssil'le by direct admis¬ 
sion oi vapours into cyclones. In the riser system’® the activity 
and selectivity of the catalyst i.s largely maintained till the crack¬ 
ing is over ; an<l coke tloes not build up so rapidly in this |x*rio<l. 

5.2 3 C'ATALYIK CrACKIN(. I’ROthSsKS 

(I } Fixed bed, Houdry. 

(2) Moving beds—Air lift- -Thermo-for catalytic cracking 
FToudri-fliow. 

Fluidised Beds: (a) Gulf Research (Fluid catalytic 
cracking) FCC, UOP, Texaco. 

(h) Kellog (Ortho flow) 

fc) K.SSO—Flexi cracking 

(d) Standard oil—ITltra cracking. 

5.2.3.1 /'isred Bed Crackers 

Fig. 5.4 illustrates Houdry Fixed bed process. At present, 
though no new plants based on this technology are being set up 
the old (>ne« still continuing. There are three reactors in parallel 
(1,2 & 3), in this system. At the bottom of each reactor there 
are four connections {Vi, Fg, F 3 , and F,) provided through a 
rotary disc. Only one line at a time is to be connected to 
the reactor; when the first reactor is on process stream, 2 nd 
reactor will be on steam purge followed by air purge, and the 
3rd reactor will be in regeneration process. At the start, charge 
oil vapor, free from tar, will enter the reactor through valve Vi. 
After cracking, the vapours escai)e through the reactor outlet 
as prorfluct and go to the fracttionator througli line Oi. (At the 
top of the reactor also; same type (of rotary arrangement is 
there, but connects only three valves; these valves connect line 
Oi for products; a^ for air outlet and for steam purge alter¬ 
natively.) 
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Immediately the reactor is disconnected and connected with 
steam line (from top) through line Og and exhausted through 
the bottom (F 4 ). Oil vapours from this exhaust are condensed 


STEAM TO >USCE *3 



Fig. 5 4. Houdry fixed bed process 


and steam is allowed to leave the separator. During this purging 
operatiem, 2nd reactor will be on steam. Soon purging operation 
is over, preheated air is sent into reactor 1 , through valve Vi 
and flue gas goes off through line Og at the top of the reactor. 
After regeneration steam purging from top to bottom is again 
conducted and exhaust steam is taken out through valve V 3 
from the bottom of reactor. When- downward steam purging 
takes place, 2nd reactor has to l)e disconnected and 3rd reactor 
will be connected to main stream. Rotary valves with inter¬ 
locking system conducts smooth automatic cycling of the reactors. 
Molten salt is circulated to reactor, from the reactor under re¬ 
generation, to supply necessary heat. Molten salt maintains the 
heat of reaction in each reactor through extracting heat from the 
regenerator and supplying it. The ^'alvcs arc rotary ^pc and 
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interlodced so that manual error cannot result. Usual qrdic opera¬ 
tic ci consists of the folV>wing : 

1. On stream 10 minutes. 

2. Downward purging of steam to recover hydrocarbons— 
5 min. 

3. Regenerations by blowing hot air through bottom of the 
reactor—10 min. 

4. Air purge followed by steam purge downward—5 min. 

It can be seen that on stream will be equal to regeneration 
l^criod; which will be equal to the sum of steam purging 
periods, before and after regeneration. 

Operating conditions 

Reactor temperature—450 to 520°C 
Operating pressure (gauge)—1 to 2 kg/cm* 

Space velocity (Liquid)—1 to 1.75 (l///r.) 

Regeneration temperature—upto 520°C 

Air pressure, during regeneration—upto 4 kg/cm® 

Catalyst shape—Beads/pellets 

Composition—Silica-alumina 

Catalyst processing capacity—20 to 40 Bbls/kg. 

Vapor inlet temperature—430® C. 

5.2.3.2 Moving Bed Crackers' 

Thcrmofor catalytic cradcing units fall into this categoiy* 
Catalyst shape in these units may be sf^ierical or beads. The 
shape and size of the catalyst permit free flow of catalyst in the 
reactor. Catalyst and oil move cocurrently from top to bottom 
in the reactor. Reactor is stacked directly over the regenerator 
as shown in Fig. 5.5. In between reactor and regenerator 
there is a constriction, where steam purging is done. This helpe 
firstly in removing hydrocarbons from the surface of catalyst, 
secondly steam prevents the reactor products from going down¬ 
wards into regenerator; which is highly essential otherwise the 
situation may become unwarranted. 

Spent catalyst is regenerated by air blowing. The flue gas 
passes through cyclone sqarators, leaving catalyst dust, if any, in 
the out going stream. At the bottom of regenerator, there is a 



312 


MODERN PETROLEUM REFINING PROCESSES 


cooling section to pool the catalyst. Such regenerators shall be 
in two numbers, kept below the reactor. The catalyst collected 
from the r^enerator is lifted into catalyst disengager, placed 



Fia 5 5. Air lift thermofor catalytic cracker 


at a height more than the reactor, which automatically feed the 
catalyst into reactor due to gravity. Old designs employed 
bucket elevators to lift the catalyst, while modem practice is to 
use air. Thus the name Air lift Thermofor catalytic cracking 
has been accomplished. Catalyst from both the regenerators is 
conv^edi into a single funnel, from where the pneumatic con- 
v^ance can take place. Feed and catalyst always travel down¬ 
wardly in the reactor, and products escape from the side of 
reactor. Proper distribution of catalyst for good performance 
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is essential. The disadvantage of this process is in low catalyst 
to oil ratio which increases the coke ilepositicoi on catalyst. 


Operating conditions 

Regeneration Temperature 
Recycle ratio 
Catalyst to oil ratio 
Space velocity 
Catalyst shape 
Vapour inlet Temp. °C 
Catalyst Temp, °C 
Reactor pressure 


GOO^C 

0-0.5 Vol./vol. 

2 to 7 

0.7 V/hr. V. 

beads 

500 

515 

3 kg/cm® 


52.3.3 Houdri Flow Process 

Ihjudri flow process is distingui^>hcd from the TCC procests 
in its (a) ease of operation (b) low a>st of maintenance 

(c) high catal)rtic activity (low catalyst make up costs) 

(d) flexibility in handling charge stocks and conversions attained. 
In this design, reactor is placed above the regenerator, in 



Fra 5.6. Houdri flow catalytic craddng 
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a single shell. The regenerated catalyst («ther natural or 
.synthetic type) is carried by pneumatic lift to disengager^ from 
where the catalyst can either go into reactor or auxiliary storage 
bin. The system works on self heat balance, so no additional 
heating or cooling of catalyst is anticipated. Usually opera¬ 
tions*®"* are conducted in temperature range of 450-520°C, at 
pressure 15 to 2 atmos; with a space velocity of 1.5 to 
4 V/hr./V^ Catalyst to oil ratio of 3 to 7 is maintained with 
high recycle ratios of 1 : 1. A conversion of 90% can be obtained 
with recycling, while once through cracking permits a conversion 
of 60%. The octane value of gasoline lies in the range of 85 to 
90. Yield can be improved by using zeolite catalysts. Fiv. 5.6 
shows the flow diagram of the above process 


Houdri flow yields^^ 


Naphthenic gas oil 

BPSD 

API 



Charge 

4200 

32.6 



Recycle 

4200 

31.7 



Total 

8400 

32.0 



Products 



Vol% 

Wt% 

C 2 & I-ighter 

— 

— 

— 

3.9 

c. 

306 

— 

7.3 

4.4 

C 4 

714 


17.0 

11.5 

Gasoline (FBP 215°C) 2705 

S9.7 

64.4 

55.2 

LGO 

521 

31.0 

12.4 

12.5 

HGO 

200 


4.8 

4.9 

Coke 




7.6 


5,2.4 Fluid Catalytic Cracking (FCC Cani|dex and Hardware) 

Fluid catalytic cracking enjoys an impregnable position in 
catalytic cracking operations. All types of fractions from naphtha 
to deas{^alated oils can conveniently form the feed stocks. Numer¬ 
ous designs of FCC units have appeared in the literature!***. 
The FCC complex usually consists of three major sections : 

(a) Reactor-riser 

(b) Regenerator-flue gas separation 

(c) Distillation and recycling. 
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Associated with the cracker, other units like polymerisa¬ 
tion, alkylation are maintained for gaining economy. 

Reactor riser design had been subjected U> number of 
changes since its inception and still better tyi>eh of risers arc 
being introduced. The function of the riser is in fact to bring 
A thorough contact between vapor and catalyst in a short time**^ ; 
short contact times are less than 5 seconds. In the reactor, 
the cracked oil vapours escape thrr>ugh a perfect separation system, 
that is an inbuilt cyclone system. Disengaged catalyst. frwn 
cyclones falls into reactor and is steam stripped. The catalyst 
IS then regenerated after burning off the coke in a separate unit, 
1 e regenerator, l^luidisation is carried out in dense phase and 
dilute phase. Dense phase is prevalent in the bottom portion of 
the reactor, while dilute bed prevails in the upper part of reactor. 

Crackinp m risers 

From the moment of contact between oil and catalyst at 
the ixiint of introduction in the riser, the complexity of reactions 
go on increasing as the material move through the riser. 

With increasing cracking, deposition of coke, degradation in 
catalyst®* activity and a sharp increase in velocity of vapour 



FIg. 5.7. Profiles of different Parameters 
in a riser cradeer with distance 






316 


MODERN PETROLEUM REFINING PROCESSES 


are some inherent complications. Though the increase in 
velocity of vapour is r^rded as a benefit to fluidization, the 
relative velocity (slip velocity) between catalyst and oil decreases, 
iuid the result is improper cracking. In the Figure 5.7 the pro¬ 
files of various ()arameters with respect to height of riser is 
shown. 

Slip velocity is <lefined as the veltjcity of vapor divided by 
velocity of catalyst®^. 

Slip velocity : ^ 

where. 

Vv velocity of vapor 
Fr velocity of catalyst 

The terminal velocity of catalyst j>article may become the diffe¬ 
rence in these two velocities hence the slip velocity can be 
rewritten as 

Slip velocity = n —” 

y s 

where, 

Vf IS terminal velocity of particle, 

Ft, velocity of vapor 

Generally the slip velocity should be of the order 1 5. Each con¬ 
figuration has Its own riser design, assembly of reactor, re¬ 
generator and fractionator. 

An ideal addition and recovery system for fluid catalytic 
cracker would be erne, which minimises additions of fresh catalyst 
and maintains an optimum size distribution of circulating equi¬ 
librium catalyst. In fact, loss, frequency of withdraw! of 
catalyst (equilibrium) are all functions of quality and quantity 
of fresh catalyst added. Factors affecting the FCC operations** 
are usually, shrinkage, attrition, entrainment in cyclone systems 
and regeneration systems. 

Fig. 5.S shows the outlines of FCC unit designed by Texaco 
Development Corporation. In this design separate riser crackers 
are detailed for cracking fresh feed and recycled feed. In the 
I'eactor the variation in dense phase and dilute phase conditions 
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are supposed to be added advantages. Efficient reactor and the 
cyclone separator system furnish the necessary imirfements to 
process feed stocks of different tyi)es. 



Fig .S8 Fluid catalytic crackinf; 


Prehejited stock is mixed with catalyst at the bottom bend 
of the fresh feed riser (1). The products and catalyst enter 
the reactor space (3) in dilute phase, the catalyst disengages 
from vapours. The vapours are freed from catalyst dust in 
cydone system. Recycle stock is permitted to enter through 
the other riser (2). It mixes here with regenerated catalyst and 
goes into reactor space. The fresh feed riser directs the pro¬ 
ducts downwardly in the reactor, while recycled stock riser 
delivers vertically into the reactor space. Vapours from both 
the risers join together and go for fractionation through rydones. 
Cyclones are situated in the reactor and regenerator, so that the 
catalyst dust can be caught. 

The spent catalyst from the reactor after steam stripping 
passes into regenerator (4) through a pipe (5). A blast of 
air bums off the coke on the catalyst particles and flue gas formed 
escapes through the cyclones into atmosphere. Regenerator in 
this design is provided with two channel pipes (^, & p^). These 
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pipes are joined to risers. Through one riser, while fresh fee 
enters through the other cwie, recycled stocks enter, as mentione 
already. 


5.2.4.1 Flexi Cracking 

Flexi cracking, developed by ESSO, offers two reacto 
configurations: and gives operating flexibility and expansioi 
capacity. 

Fig. 5.9(a) shows riser cracker model. In normal opera 
tions, the riser cracker operates with no dense phase bed in th 



(a) Riser (b) Transfer tine 

Fig. 5.9. Flexi craddr^ Models 
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reactor. In this model high space velocities of 50^* (weig^»t/hr/ 
wdight) are maintained to enhance the advantages of aeolite 
catalysts. Maximum liquid products and least problems in 
handling different feed stocks are considered to be the major 
benefits of this assembly. The riser cracker can ^\ork on variable 
space velocities ranging from 50 to 5 (V/hr/V) The cyclones 
111 the reactor are designed to provide plug flow of catalyst with¬ 
out bark mixing the cnl with catalyst. The latest modification 
of U bend design differs from the previous <me, which abruptly 
changes the direction of catalyst and flow lines. Side by side 
reactor and regenerator placement furnisher smotjth control in 
catalyst circulation. Model IV removes the disadvantages of flie 
previous ones by increased recovery in catalysts and free 
switching of naphtha to reduced crude.". The overall yield of 
gasoline may be of the order of 70% with low gas yields. The 
[jercentage of olefin content m the gases can be increased to as 
high as 55% by proper adjustment of the variables. 

The second configuration big. 5.9(b) is ]>ure transfer line 
configuration. In this design all the cracking takes place in 
transfer line, and the reaction is rapidly terminated by disengag¬ 
ing oil from catalyst in a cyclone separator. High to low space 
velocities can be worked out in this model depending upon the 
quality of feed. These two configurations can cover adequately 
the needs of a refinery either for expansion or switching to 
process different feed stocks. These two configurations cover 
about 2,000,000 bpsd or 25% of the free world capacity. 

Silica-manganese type catalyst or natural catalysts with 
activated earths are also tried in the above configurations for 
better conversions. 

5.2.4.2 Ortho Plow Reactor 

Ortho flow riser reactor developed by Kellogg is highly 
selective in converting heavy petroleum fractions to valuable light 
olefins and fuma^ oils in addition to gasoline. 

Fig. 5.10 shows the ortho flow reactor. It covers the 
specific needs of the refiner in converting low value feed stocks 
to high value products, with less investment and operating costs. 
Variety yidds can be obtained by sacrifying efficiency. The 
cracking takes i^acc in the riser” part of the reactor. 
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The fresh feed enters into external riser at the point isdiere 
it becomes vertical, as shown in figure. Catalyst fluidised by 



Fic 510. Orthoflow reactor 


Steam from the stripi>er enters the riser. Oil and catalyst mix 
in this riser, where craking takes place. Cracked products now 
enter the disengager, where the catalyst is separated. The 
products escape through a cyclone. The catalyst is stripped off 
with steam. Hydrocarbon free catalyst then enters the regene¬ 
rator, where it is regenerated by blowing air either in one or two 
stages. After regeneration the catalyst is steam stripped and 
fluidised to enter the riser cracker to repeat the cycle. The 
riser part may be kept in the reactor-regeneration combination 
itself when it is called internal riser model. 

Operatitig^*^'^ conditions 

Temperature — 470-500°C 
Pressure — 1.5 to 2.2 atm. 

Regenerator temperature : 580-610°C 
Pressure — 1.3 kg/cm* 

Cat/feed — 2.5 to 5 kgs/bbl. 

In India catalytic cracking practice is not very much. 
Approximately 3% of the crude refined is used for this purpose. 
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I'here are two units of FCC. situdtetl one each in Bombay and 
\'izag Refineries (Hindustan Petroleuin). One of these two is 
designed to crack heavy distillates of Iranian crude (350 to 
550°C). 

'J'he follf)Wing data belongs to the same unit 
Cat. cracker operating pressure 1.43 Kg/cm- 


Feed 1'emi)eraturc 315.5°C 

Cal. hold up 15 tons 

19 tons 

Faiticlc si/e 40-80 -70 to 

(Microns) 0 -40— 5 to 

Surface area of the cataly 

Cat. nrculation 
Ca]>acily 

Reactor lciii]»eiciture 
C )il f< ed temperature 
Regenerator temp. 

Dense phase tern]). 

IMeniim chamber temp 
Spent riser tem|)crature 
C.it ki^s 1.4 tons/day 
roke 3'ield 3.8 

.steam rale at 9 Kg/cm® v 


in cracker 
in regenerators 

80 ^;; 

300 to (>(K)m-/gm (fresh) 
200ni"/M>^t (used) 

8 tons per Iioui 

7,300 Bl’SD 
4f.5- 3KFC 
315- 455'^C 
59.3- (j75''-'C 
(> 60 «C' 

()80°C 

470°C 


20° superheat. 


Iniection 370 

Stripping 1260 

Proce-^s 150 

Vichh 

Gas 1.9% 

LPG 13.0% 

Gasoline 18.8 
Kerosene 16.0 

Light gas oil 11.6 

[lea\y gas oil 26.4 

Tar 12.3 


Kg/hr. 


21(45—155/1982) 
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5.3 Catalytic Refonniiig 

Introduction and theory 

With the advent of I.C. engines of high compression ratio, 
the quality of fuel had to undergo changes. Prevention, of 
knocking under such compression ratios, is achieved by increase 
in the octane value of the fuel. Upgrading low octane gasolines 
catalytically is known as catalytic reforming. Thermal reform¬ 
ing can also be practised, but not desirable due to the inherent 
disadvantages. The octane rating improvement is accomplished 
chiefly by reorienting or re-forming the low octane components 
into high octane components. Much desired reformate is in¬ 
fluenced by the characteristics of feed stock ami catalyst. The 
reactions, reckoned of general occurence are given below ; 

(a) Dehydrogenation (Saturates to unsaturates) 

/\ /\ 

I I I o I+3H* 


Cyclo hexane- > Benzene 

RCH2.CH2.CH2.CH3->RCH2.CH2.CH = CH2+H2 

n-paraffin Olefin 

(b) isomerisation 

n-IIexane (32)->2 methyl pentane (66) 

n-pentane (63)->2 pentane (90) 

(c) Paraffin cracking (chain cracking) 

CsHw-^ 2C4H84-H2 

-> C4H8+C4H20 


I O I -► I O I +CaH. 

\/ \/ 

Hydrogenation of Unsaturates 


C4H8+H2 


C4H, 


/N 


I o I +C^U, 




H, 

II I-I 

\/ \/ 

Methyl cyclohexene- > Methyl cyclohexane 
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Paraffin dehydro cyclisation 

CHs 

/\ 

C-C-C-C-C-C-C-I 

N/ 

Naphthene isomerisatiop and dehydragenatit>n 

__ /\ /\ 

I I-> I I-> j o I +3II, 

\/ \/ 

CH, 


CH, 

/\ 

I o I+4H, 
\ ^ 


Mr'thylf)entane (91) (103) 

(T'igs in brakets sht>w octane no.) 

T lydrodesulfurisation 


(I 5+4H.-C.H.o+ll.S 

KSll + Il,-RI1 + H,S. 

l^enitrogenation 

I I +H, —> CgHio+NH^ 

N 

De oxidation 

/\/OH /X 

ol +H,-.(°j+H ,0 

Coitibination reactions. 

RSO, + H,-»- RH+S0,+H,0 

./\CH.SH H, /\CHs 
i o I -► I o I +H,S 


5.3.1 Reaction s-coNDiTiONs 

All the above reactions are likely to occur to varying degrees. 
Isomerisation and dehydrogenation reactions are fast.** 
Cyclisation reactions are very slow and require severe conditions. 
Hydrocracking and other elimination reactions may be treated as 
slow reactions. However isomerisatioin and cyclisaticm reactions 
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are the best contribut(jrs of octane number. The proper and 
worthy reaction is dehydnjgenation and cyclisation of n-para- 
ffins ; that results in a tangible improvement in octane rating 
(n*heptane of zero octane ratmg-to more than 100 octane 
number). 

(“racking reactions ])ro<luce more lightet com|>onents whicli 
have better octane (piality than the hwivier one.s; yet the 
reactions are not opted due t(j tin* f«’ar of excessive coke forma¬ 
tion on catalyst and unsaturation in the ]>roducts. Vigorous 
hydrocracking is de.sirablo when the feed stock is rich in 
])araffins. 

5.3.1.1 Effect of Freinsure 

Low pressure cnamiages dehydrogenation reactions, while 
no noticable effect of pressure on isomerisation may l)e expected. 
Ojke formation is more at low pressures. Increase in pressure 
causes dealkvlation very much. Hydrocracking and elimination 
reactions are (lircctly related tf» the partial pressure of hydrogen. 

5.3.1.2 Effect of Teniperatitre 

Isxcept hydrogenation reaction'', which arc exothermic all 
other reacticMis are favoured by increasing temperature. With 
increase of temiierature, chances of degradation of product, and 
coke deiK>sition a'e likely, lleiue bir snuxilh operation*;, the 
amic.ihle j>arameters instituted in a catalytic reformer must 
embrace all the alxjve considerations. 

1 ^) 1 - economic ojicrations the parameters judiciously decided 
are 

(a) Low pressure (b) High temi>crature 

(c) lligli hydrogen circulation. 

With increased c' ke deixisition at low pressures, the reactors 
arc ]>referably oixiratcd at 10 to 50 atmos pressure. Suitability 
of catalyst for such ojvcrations is to be decided beforehand. 
Improvement of octane quality is rapid with high catalyst to 
feed ratios, which restricts the o>peration to go for high space 
velocities. Indeed the space velocity does not exceed more than 
3(V/hr/V) 

The tenqierature above 500”C prirtuplly spoils the activity 
of catalyst. A temjveraturc range of 450—500°C is frequently 
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advisable and can bring alxiut all reactions without much severe 
coking problems. All dehydrogenation reactions produce good 
amount of hydrogen ; hydrogen is consumed to some extent in 
hydrogenation reactions, the remaining is available as by product. 
High circulation of hydrogen suppresses the coking tendency too. 

In conclusion it may be stateil that faster rcacti«ms will tend 
to predominate in short residence time operation, which results 
in maximum aromatics and hydrogen production. High tempe¬ 
ratures give rise to high aromatic content. Naphthcii'c stocks 
vvitli high hydrogen to hydrocarbon ratio are liable to affect 
adversely the yields. 

5 3.2 Cataly.sis 

In reforming many leactions are going together ; hence a 
cataly.st to maitain its acli\il_) towards all reactions erjually is 
rare. lTa<*nscl®® develojied platinum catalysts and these arc still 
being used with slight or no modifications. Acid sites, on aita- 
Ivst aie responsible for isometisatiou and cyclisation reactions; 
while metallic bond.s favour hydrogenation re.ictions. These two 
1 unctions have to be met by a catalyst. I'or thi.s rea.son, acid 
sites incorporation on platinum catalyst is unavoidable; eventually 
halogcnation fuptoO.1%) has come into service. Platinum Cata¬ 
lysts are graded l>y the amount of platinum de|)osiled on the base. 
Low platinum catalysts are non regenerative lyi>e. 'Phese 
contain 0.3^f of platinum on silica or silica-alumina. High 
platinum catalysts contain 0.3 to mvtal ami form regenera¬ 
tive catalysts. The cotst of ]>latinum ptohibits its trials in 
fludised reactors. Mfjving bed units are however in ojicration, 
but their incessant use is doubtful. 

Other catalysts suitable for such operatkins are chromium 
oxide and molybdenum oxide on alumina. These are very gwd 
catalysts for isomerisation and hydnigenalion reactions. Chro¬ 
mium oxides and molybdenum oxides <>n silica or alumina or 

silica-alumina are quite abrasive resistant and can be uswl in 
mowing Ix'ds and fluidised be<ls. 

Approximate ofierating conditions with olifferent catalysts is 
presented in Table 5.8(a). 

High platinum Catalysts are frail to jKiisons and occasion- 
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ally contribute adverse reactions like ring oitening. Houdri 
forming process employs platinum catalyst in hxed bed reactors, 
while plat-forming may be conducted in semi-regenerator or 
cyclic regeneratoi reactors. Cyclic regeneratitm is jHjriodical 
and is required at an interval of 24 to 48 hr^. During this re¬ 
generation time, a sjxare reactor is switchetl into streiun ; thus 
three reactors wdl be on stream while the fourth one will l)e in 
regeneration. I'mitinuous lloudri foiming*" reactwms are 
conducted on bimetallic catalysts, jdatinum an<l rhenium of>mpo- 
sitioiis. These catalysts are able to resist coke formation. Semi- 
legeneration recjuires a long time Ixdore regeneration is 
attem})led. usually a time of 3 to 6 months o]»cration renders 

the catalyst ineffective 
•• 

5.3.2.1 Feed stock selection 

Kefonning helps in boosting octane value hy (xmverting most 
of the H-paraffins to aron^itics. Hence thi.^ process can be 
applied to prfiduce aromatics. Stocks that are suitable for gast>- 
hne engines are chovsen as the feed material for reformer and 
straight run ga.sohnes of low ocUne numl>er mainly rtinstituto the 
bulk of feed. Light pnxlucts obtained in various cracking oi^era- 
tions in gasoline range are also suitable. The feed stocks in 
gasoline-range have tlie boiling jxjint spread from 35 to 180°C. 
Hpto Cb carbon atom (i.e. 35 to 78°C) tlie fracti<Mi by its nature 
lK>ssesse.s good octane value and further attempt to improve octane 
number is not worthy. In fact this fraction enjoys a free ride in 
the reactor at the prevailing conditions. A minimum of'six 
carbon atoms is essential for production of simplest aromatic ring. 
So, depending ufy>n the highest aromatic oomjxmnd (usually 
xylene), the carlxm atoms range in the feed may be fixed. In 
other words, for production of benzene, toluene, xylene, six to 
eight carbon atoms must be present m the feed. Virgin or 
cracked gasolines, invariably contiiin impurities like sulfur, 
nitrogen and oxygen comfxmnds, and their [presence is more if 
crude i: naphthenic. Feed stocks for reformers must l)e free 
from these comfiounds, preferably sulfur”"* and nitrogen aan- 
jxjunds should be kejit as low' as 5 ppm. Hydrodesulfurisation of 
feed stock assures the lequircd purity. Sulfur removal not only 
helps in reducing corrosion, but also coke deposition, Siieclally 
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for platinum catalysis, feetl stocks should not contain more than 
5 ppm of nitrogen and 10 ppm of sulfur. 

5.3.2,2 Operation with dijjercrent cataiysts 

Alxmt 90% reforming* oixjrations are conducted in fixed beds 
using platinum catalysts, M<jving beds an<l fluidised beds mainly 
use cheap catalysts of molylxlenum and chromium compositions. 
Fluid hydrofijrmers’" employ catalyst molybdena on alumina 
Thermof«>r Cat. forming’* is done in moving beds using chronua 
on alumina as catalysts, Tliese catalysts greatly lielp in removing 
sulfur If) almost zero preseiKc. followed by low yields of butane. 
The tcmi>eratur6 can go up to 525°C. Bauxite and days have 
also been utilised as catalysts, but at present much significance is 
not attached to these catalysts. One difference lietween these 
clay catalysts and i)latinum catalysts is in the production of 
hydrogen. Not much hydrogen is produced with clay^* catalysts 
hence none of the products is ircycled. Usually in cat. forming 
operations^® 70 to 350 M,® of hydrogen per aibic meter of feed 
stock is prxHluced. Platinum combinations have been found to 
yield less light ends, (propane butane and i)entane) compareil to 
conventional platinum catalysts. Tt is interesting to note that 
the yields of these com]X)nents is linear and inversely dependent 
upon the yields of reformate. Usually the t<Jtal amount of such 
light ends produced in reforming oi>erations (platinum catalysts') 
falls from 15 to 5% while reformate yields increase from 75 to 
95%. 

A correlatif)!! presentc<l, by R. R. Jacob*^’’ is very intere.sting. 
on the yields of jK)tential aromatics (^dp) m reforming operations, 
which is given as 

A,= |°®^^J(0.85Ar+.4) 

where, 

N — % volume of naphthenes in feed 
A = % volume of aromatics in feed 
p - specific gravity of feed at 15.6°C 

At lower pressures increased yields of aromatics and hydrogen 
are experienced. 
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5.3.2.3 Catalytic Reforming {Platforming) 

Catalytic reforming process employs platinum and other 
combinations as catalysts. Hydrotreated naphtha (68-180°C) is 
mixed with recycle hydrogen and sent ihrough a furnace. The 
outlet temperature of the vapours shall be around .‘^OO'^C. Hot 
vapour is sent into three catalyst cases (reactors) in series. Old 
designs may enjoy four reactors is series : the last one is known 
as swing reactor. .Swing reactor comes into main stream when 
regeneration is attempteil. IVessure in reactors is kept in the 
range of 15 to 75 atmos J'.xcept hydrogenation rejictions, which 
are less prevailing, all other reactions re<iuire heat, this invites a 
heater to substantiate heat of reactions and is placed in between 
two reactors. Cyclisation rcacl’onv, are pronouncecl at seveie 
conditions, hence the last reactor oi>erates generally at higher 
tcm[>erature by 20 to 30”C' from the iiicceding one. Catalysts 
are nia<k* into ixjUet^; of 3 mm size, llalogenation is prescribed 
whenever regeneration is carried out. 'I'he oi>cratK)n is shown in 
Fig. 5.11(a) After the reforming is over, the eflUucnts are cooled 
and gas is .sej^arated. High pressure sei^rator removes recycle 
gases mainly hydrogen, while low jiressure sejiapators relieve mtvst 
of the light fractions. Hydrogen i.s usually prrxluccil to an extent 
of 2.5% by weight of feed. High recycling ratios prevent coke 
deposition and the space velocity is kept below 2 in all thc.se 
operations fn regenerative ]processes, tlie space velocity goes 
upto 5. Conlinu(ms operation as developed by ITOI* is classified 
as platfoiming operation, and is presented in Fig, 5 lUb). As 
the name suggests, continuous regeneration of catalyst is achieved 
here. Further, continuous rates and cvmslanf (|ualily pnKJuctioii 
of reformate of high octane value and production of LPG from 
napthas are some remarkable advantages in this .system. 

Arrangement of three stacked roactors one over the other 
forms the main difference in reactor arrangement. Feed and 
catalyst travel cocurrently in all those react/>rs fnim top to bottom. 
Heating the reactants in Ijetwcen the reactors remains unchiinged. 
The catalyst from the bottom of the third reactor is transferred 
to sei)arate regenerator. After regeneration the catalyst ijj trans¬ 
ferred to the first reactor continuously. 

Englehard Magnoformmg employs platinum on bimetallic 
catalysts. The rugged nature of the bimetallic catalysts permit 
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the operation to be oomiuctecl at much severe conilitiosi'; anu also 
♦olerate sulfur up to 20 ppm.'*’ Institut hrancais due Petrole 
has formulated number of catalysts of different platinum contents, 
to retluce the cost of catalyst and at the same time ]>ermittinjf the 
operation at much severe conditions. Also, the-e catalysts can 
work actively under ]>ressures less then 20 atm<Ks. This leaves an 
advantage to the o])crat(>rs in ch<K>sinR low pressure <^r high 
pressure or combination of these two deiiending ujxm the iu‘ccssity. 

5 3.2.4 l.so />/«.<• Iloiuiri 

This is a combination process, bices cal reforming with 
thermal reforming. In another combination reformate extraction 
plant is provided to remove aromatics, as this helps in recycling 
|>araffins rich raffinate. This priwress instils the iK>lyrnerisation 
unit for C, and C’l off gases. No drastic ])retreatinent of feed is 
essential as the feed first goes through a guanl ca.se that helps in 
removal of sulfur and nitrogen im]>urities. After guard case, the 
feed passes through an arra} of reactors and Ho.u<lri reformate 
Is obtained as an effluent from the last one and directed to other 
combination units. Different tyjies of combinations are shown 
in h’ig. 5.11. (c). 

The system lends and .idjusts itself for regeneration when 
ojxirating at high severities. Polymerisation of the off gases helps 
in obtaining quantity and quality gasoline. Conversions up to 
80% of na]}htha are possible j'iejding an octane value of 108. 

Operaiinc/ conditions : 

Temperature 
Pressure 
.Sp. velocity 
Hydrogen to oil ratio 

5.3.2.5 Khcin Forming 

This is a fixed bod regeneratixe [>rocess. Rhenium-platinum 
I'ombinations are quite good in resisting fouling. These can be 
operated at pressures below 20 atmos. High space velocity with 
lower recycle ratios of hydrogen (3 to 3.5) are permissible. At 
low pressure operations, increase in quantities of aromatics and 


470 540*^1: 

10 to 50 atmos 
i.5 to 5.0 V/lir. V 
3 to 10 (vol basi.s) 
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Raffinate recycle, Thermal reforming , Plymerisations . 

Fig. S 11(c) Iso plus Houdri combinations 
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hydrogen is experienceid. Rheinfonning was first used by 
Standard of Calorifornia in 1%7 and is getting jxipular. 

Yields are a])proxinlately 75to S49e. 

Octane nunilK*r of reformate is a])proxmialely 100. 
Hydrogen yield per barrel of feed 50 to 60 M* 
t'l to C, fractions ])er bbi. : 10 to 12 
Outlet iiressure of reactors: 10 to 15 atmos. 

Uni^ers.d Oil Products’' Co have als) de\elo]>ed catalysts 
consisting of Platinum - Rhenium .ind Seleiiiiini for reforming 
o|wrations. 


5.3 2.6 Pmver forming 

Power forming ju'oeess may be design* d to o]>erate in cyclic 
or semi regeneralue unit. Reformates of otlane value 85 to 
102‘‘ are common. In cyclic regeneratice jirocess, any tcactor 
can be isolated from the mam system for regeneration. 'Thus 
(me swing reactor, three ]iroc(*hS leactois are always in service. 
Platinum and nitiltim(*tal catalysts are used in cyclic oj)erations. 
A novel metallic calahsi K.\-130 is found t/j l>e suixirior in 
semi-regenerative operation because it maintains the activit> 
to a high degree comiKired to the ]>rcviou& platinum com¬ 
binations. Three i>crcent yield of hydrogen and 11 to 17% yield 
of t'l'C, fraction is a notable thing. 


5.3.2.7 Selccto forming 

.Seiectoformingis a mild h) drogencratimi process. Noji- 
noble met.'ds act as oitalysts ; actuators like potassium enliances 
the cajiacity of catalysts, 'riiesc are zeolite iKised dual 
functional catalsts, and distinguish themselves from other cata¬ 
lysts in permitting only straight c'hain comiiounds to react. 
Achievement in Cjuality oi octane numl>cr is significant. Low 
volatility gasoline is obtained as main product. The life of 
catalyst is very long. 


Operating conditions : 

Temp. 

Pressure 
Sp. velocity 
Ha ' oil 


350 to 500®C 
5 to 40 atmos. 
1—10 V/hr. V. 
1—12 rVoI.) 
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The baiient observations made available are 

Increase in product with increase in octane number 

Increase in propane yields (7 to 9% at 95 to 100 octane 
number range) 

Aromatic content of reformate is reduced, if octane no. 
increases. 

50% to 60% aromatic production is reduced if octane value 
is to be in the range of 95 to 100. 

I'ront end volatility is reduced. 

5.3.2.8 (Utrafonning 

This pnx'eiss is s[>ecially designed for low pressure opera¬ 
tions with regenerative catalysts. As the compasition of noble 
metal in these catalysts is veiy small, they are very rugged and 
active too. 'I’he catalysts arc exceirtionally good for high tem¬ 
perature oijeralions (600°C) and ix>ssesis characteristically long 
life. 

The effect of i>ressure ** can be revealed by observing 
Table 5.8fb). 


Table 5 8(b) 


iTessure and yields in refomnn}' 


High Medium Medium I/jw 

JO .itmos 24 almos 17 atm 10 atm 


H 2 yield wt% 

22 

2.5 

28 

30 

Cs* 

816 

834 

84 9 

86 

First cycle lengths 
mouths 

14 

12 

95 

5 

Hydrogen purity % 

80 

83 

86 

87 


Reduction in operating pressure immensely decreases the 
operation time, though light fractions are produced more in 
quantity and quality. 


5.32.9 Rex forming 

Thilfe employs a catalyst of platinum irridium and palla¬ 
dium deposited on inert base. Developed by Exxon Research and 
Engg. Co., the catalyst is credited with outstanding activity and 
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high yields of C5+ products. This process can be used in com¬ 
bination with platforming operations and simultaneous extract¬ 
ion of aromatics. 

Approximate heats of reactions in different processes are 
shown in Table 5.8(c). 


Tabu. 5 8(c) 

Jpproxmatt’ Heats oj rcjttumi 



Process description 

Ilcaf of reaction 
kJ/Kg 

1 

Low pressure vapour phase tliemral 



cracking 

169% 

7 

Vapour pliaso llierm.jl cracking (gas 



oil) 

1.S669 

3 

Mixed phase thermal (racking 

12444 

4 

Mixed phase thermal cr.icking ol 



light gas oil 

11327 

5 

Thermal reforming naphtha 

10144 

6 

Catalytic cracking heavy gtis oil 

8868 

7 

Catalytic cracking light gas oil 

7824 

8 

Catalytic reforming of naphtha 



Problem 5.2 

A virgin naphtha (800—100°C) has been reformed over 
platinum catalyst. Three leactors are in series to achieve a 
clear RON" reformate. The reformer cajwcity is 10,(XX) 
BPSD. From the data given below : 

(a) Estimate losses 

(b) Find net Hydrogen 

(c) Present complete material balance 

(d) Find the amount of catalyst in each reactor 

Data 

Properties of feed Pro|)crties of reformate 

BP—80 to 110°C 50 to 110°C 

Average mol. weight 90 85 


Characterisation 

) 11.59 

11.52 

factor 

1 


API 

50.2 


Sp.gr. 

0.7781 

0.782 

S% 

0.01 

0.0004 



W! (V.l.dry gas '9Qs«*‘n« 
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Si>ace velocity 3 

(^\VV. hr)Liquid 
Kcaclor conditions 
I’ressure 20 atmos. 

'I’emixiralure 45^C 

Jiulk density of 

catalyst 0.82 



{ 0 ) 



•O '-s 

( bl 




Ic) (d) 

Fig 5 12 Approximate yields of Ha, prases and 
prasoliiic in reforming unit 

fal Octane mimhcr Vs C3 yield 

(h) Vol % Ci fraction yield Vs Vol. of gasoline 

(,c) Dry gas Vs gasoline jield 

(d) Ha yicd Vs. gasoline jield 
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Solution 

From Fig. 5.12(a) Vol. of gasoline (> O' at K = 11.59 and 


97 Octane no 87% 

5.12(b) Vol. of C 4 fraction at 87% 

gasoline -= 4.4% 

5.12(c) Weight of dr)'- gas at 87% 

gasoline =2 2 % 

5.12(d) Weight of il, == 1 . 3 % 


Feed in Kgs/day = U).t)00X 200 X 0.7786 

= 15,57,200 

Reformate = 15.57.200X°*^? 

0.7786 

= 13,60,680 Kgs/day 

.Sulfur balance 


Sulfur in feed = 15,57,200X = 155.72 Kgs/day 

Sulfur in product = 0.0004 _ ^ ^ Kgs/day 

Sulfur in HzS (balance) = 150 28 Kgs/day 

Net Hydrogen=Total hydn)gen produced—ITydrogen in HgS 

Hydrogen in H^S = —X 150.28 = 9.40 Kgs/day 
H. produeed = 15.57.MX1.3 ^ 20243.6 Kgs/day . 


Net Hyd»-(>gen = 20243.6— 9.40 = 202.^9.2 Kgs/day 

T. 2.2X15,57,200 o.-co ^ 

Dry gaS = -= 34258.4 Kg/day 

^ _ 10,000X200^4.4X58 ,, 

22.4X100 ^ 1000 “ ^27.85 Kgs/day 

(where 58 is the mole weight of C* fracti<m) 


Losses: Reformate = 13.60,680 

H 2 S = 150.28 

Net H 2 - 20.239.2 

Dry Ga.s = 34,258.4 

C 4 ^ 227.85 


Total 


22(45—15.S/1982) 


1.41,645 Kg/day. 
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losses : Feed-Total — 1,41,645 Kg/day (High, 

because of graphical errors). 
Catalyst volume : (at ‘3’ hourly liquid space velocity) 


10,000X 200 
24X3X1000 


= 27.8 cu. Meters. 


5.4 Naphtha Cracking 

In almost all parts of the world, naphtha cracking is appro¬ 
priated to produce olefins, mainly ethylene and propylene. In 
fact any petroleum stock is suitable and is in a position to replace 
naphtha,, which is preferentially reserved for steam reforming 
process. 

Alternatively olefins and diolefins can be produced by 
dehydrogenation of paraffins of suitable range. As an example, 
propane and ethane am be cracked/dehydrogenated to yield 
corresponding olefins as given by the following reactions : 

CJlo->02114 +Ha 

Calls-> C 2 H 4 + CH 4 

-> CaHe+Ha 

CMI.o->C2H4+C2 Ho 

-> Cslla+Ha 

->C»Ho+2H2 

Dehydrogenation reactions are quite fast, hence it is wise to 
choose the feed stock (mole.weight) as close as possible to the 
required olefin. The following 'I'able 5.8(tl) furnishes the yields 
of ethylene while cracking different feed stocks*®. 



Table 58(d) 



Ethylene yield 


Charge Stock 

Cracking Temp. 

Yield % 


•c 


Ethane 

810 

40-70 

Ethane -|- Propane 

800 

40-70 

Naphtha (EP 200“C) 

745 

37 

Gas Oil (EP 420“C) 

680 

20-28 


For cracking lighter stocks the temperature of cracking has 
to be increased. 
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Table 5.8(e) show’s the! yields of diffemit product.s. by 
cracking naptha. 


Table 5 8(e) 

Naphtha Crackintj S’ Yields 



Low 

lli.«?h 

Naphiha cracking 


severity 

vCVCMtj 

+ 


3 icl<l 

(^) 

Ck«ivc‘rsion of % 
Cs & C .4 
fractions 

CH 4 & lighter 

13 6 

20 8^ i 

16—22% 

C 2 H 4 

26 

364 

34.9-42 7 

CaHe 

175 

12 0 

— 

CsHg 

1.2 

1 0 

— 

C 4 H 8 

126 

0 0 

— 

Cs 

261 

21 1 

32 to 23 


When ethane and proiKine «'n‘e ihe.sen as feed stcK’ks, the 
following ix)ints must be {xmdered. 

Methane ; It enjoys free ride in the reactor hence it 
increases the burden in the system. 

Propane and P»utanes : Both pro<iuce olefins of same carbon atom 
range in the beginning; for alkylation and |j(jlymer 
gasoline these can be used comfortably. 
Carbondioxide : This is always present up to 20 ppm. in all 
cracked stocks. It .should l>e removed befrtre the 
feed is cracked. 

Hydrogen Sulfide : Mostly present in all fee<l stocks ; one way 
it is beneficial, as it inhibits coke formation. 

Oxygen : It i.s a dangerous com[K)nent as it le.'uJs to explosion. 
Nitrogen and other inerts : No problem. 

Naptha cracking for olefines is schematically presented in 
Fig. 5.13. The hydrocarbon feed sti^ck is preheated and rnicke<l 
in presence of steam in a tubular furnace (1) (Lumus employs 
a short residence time (SRT) cracking furnace, while Kellog Co. 
achieves a high flexibility in a furnace containing entirely separate 
pyrolysis radiant .section). The furnace is maintained at a high 
temperature, such that the effluents record a temjierature of 800 
to 850®C. as soon as the furnace effluents emerge out of furnace. 
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they are cooled in a transfer line heat exchanger (2), which is set 
apart for production of high pressure steam (KX)-120 Kg/cra*). 
Still hot^ the products are rapidly quenched by showering with 
feed stock or with circulating oils. Direct quenching with water 
is also practised in some cases (Braun & Co). Quenching with 
oils is (lone in a pyrolysis fractionator (^), where fractionation 
is also carried out simultaneously. The bottom iirotiiuT of this 
fractionator shall be heavy oils or fuel oils ; mostly iKjlymer 
products. The lighter fractions are cooled in a rcllux condenser, 
at the lop of the fractionator. In the reflux coiiilcn^er, scqxiration 
of gaseous products from light di^itillates talc^' ]>lice. I'lie gase'^ 
are always infesterl with acidic constituents like CO... CO, IlaS. 
SOc. oxides of nitrogen etc. and these are stMp)K<l off by suitable 
solvents. The acid free gases arc now c<Hjled an<l compressed to 
a pressure of 30 to 40 almosj>heres where by projwne and higbei 
comi)onents are liquified. The mixture is seixrrated into jmipane 
and gases in deprojaniser unit. The top gases of dei)roixiniser 
mainly contain uncondensablcs such as lla, CID and Cn fraction:’.. 
Further chilling will liquify fractions, from wliere Cn 4 and 
Ha streams can be easily driven off ; this is done in demetha¬ 
niser (4). The demethaniser bottoms are given miUl hydrogen 
treatment to convert acetylene, which is always present in cracking 
operations (max. 1%) into ethylene. Kthane-ethylene fraction¬ 
ation is done in a column (5). Propane, from deproponiser is 
again processed for propane, propylene and butane fractions. 
Ethane and propane arc again routed through iurnacc, but through 
a second coil operating at much severer conditions than the other 
coil The effluents are later joined with the main streimi products. 

Proper selection of cracking conditions an<l rapiil quenching 
achieve high yields of desired olefins, an<l failure of proper selec¬ 
tion results in undesirable cojirodiicts like methane and |K>lymeiTs. 

5.4.1 Feed stock selection 

Tlie lower boiling range naphthas usually contain more hydro¬ 
gen, hence the products after cracking also follow the same 
l>attem; with increasing partial pressure of cracking stock, the 
amount of hydrogen produced falls down. Most fref|uently the 
amount of hydrogen available in cracked products vary from 10 
to 16% for heavy residuums to light naphtha. Significantly for 
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tile same feed stock when operating at high partial pressure 
(1,2 kg/cm®) then the amount of hydrogen drops down to 9%, 
while the same fee<li operating at 0.3 kg/cmi® contributes as high 
as 15% hydrogen. 

Aromatic rich stocks offer more resistence to cracking, hence 
their presence always detracts the efficiency. 

Naphthenes pyrolysis proceed by dehydrogenation, ultimately 
lead to more aromatic ^md hydrogen concentration. Paraffins, the 
left out series, are naturally preferred sources, although 
w-paraffins are lieiler than ?-|xiraffins. 

5.4,2 Effect or steam 

'J'he function of steam is to reduce hydrocarbon partial 
pressure, 'riu* effect of i>artial pressure is shown in the 
Table S.8(g). In coking systems, cracking pressure will be kept 
always lielow 3 kg/an®. ITic addition of steam by 0.4 to 1.0 
limes the weight of oil. shall effectively provide the partial 
pressure required for tlie system. 

The function of steam is to reduce the partial pressure of 
hydrocarbon. In fact most of the naphtha crackers are operated 
at normal pressures, however it is closely dependent upon the 
iKiiling range of feed stock. 

IJy increasing partial pressure of hydrocarbon, an increased 
coke deposition is obvious. Steiner emphasised the importance 
of steam in such cracking reactions, the quantity of steam is 
exceptionally governed by the molecular weight of feed stock 
operating pressure as shown in the Table 5.8(g)." 

Table 58(g) 

Approximate yields of ethylene from naphtlia cracking as a 

function of partial pressure of Hydrocarbon in cracking zone 


_ Wt. % yield ethjlene 

t).l parUal Light Medium Heavy 

pressure naphtha naphtha narfitha 

Kg/cm» < 90*C 5a-160“C 90-SlO*C 


0.1-0.13 

0.4-0.62 

1.2 


27 

23 

16 


25 

190 


23 

17.S 
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Operating Conditions 

Naphtha oil temperature 
Ethane-Propane oil temp. 

Steam: HC ratio 
Velocity of naphtha vapors 

5.5 Coking 

Petroleum coke is obtained in |)elroleunj industry as an 
ultimate product of prolonged thermal cracking. It is a peerless 
raw material for electrodes. In fact demand for coke in electro¬ 
chemical and electrometallurgical industries is immense. Furnace 
linings in ferrous and non-ferrous industries are yet another appli¬ 
cation of petroleum coke. Indian petroleum" coke is the best in the 
world, due to less sulphur content in the parent material. Major 
benefactor of this coke is undoubtedly the aluminium industry. 

At present petroleum*® coke production in India stands at 
152,000 tons per year. Coke producing plants and the annual turn 
over is presented in Table 5.9. 

Table 59 


Coking mants in India*® 


Raw c<^e : 

Assam Oil Company 

16,000 tons/ycar 

Barauni Refinery 

78,000 

Gauhati Refinery 

36,000 

Coke Calcining Plants approved 
by GoA’t. 

Manali 

50,000 tons/year 

Visakhapatnam 

50,000 

Marogo 

50,000 

Haldia 

50,000 

Bongaigaon 

30,000 

India-Carbon Ltd at Noonmati 

65,000 (installed caixacity) 

(1961) 

(Raw coke obtained from Digbeu, 

Gauhati (Anthracite ooal also) 

Anthracite coal calcining plant 

Budge-Budge (1970) 

12,000 tons/year 

Actual production (1972-73) 

58,701 

lOOPlaat, Barauni, capacity 

60,000 

(1971) Production 

40,000 tons/year 

CJoa Carbon Ltd., P«ijim (1967) 

50,000 (Capacity) 


800-850OC 
820--870^C 
0.4 to 1. (wt) 
30 M/sec. 
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Coking is a thenual cracking operation falling in a tempera¬ 
ture range of 500 to 650°C. Feed stocks otherwise not suitable 
to operations like thermal or catalytic cracking, arc usually fed 
to coking units. Coking is influenced by the gravity and mole¬ 
cular structure of the feed. Proiiensity of cracking is an outright 
function of Conradson carbon residue (CCR). Industrially a 
concise analogical term Conrandson Decarbonising Efficiency 
(CDE) is more familiar ; it is given as 

Carlion residue in feed stock—carbon residue in 
CDE = - liquid pro ducts 

Carbon residue in feed stock. 

Estimation of coke yields can he done by the correlations 
available in literature. .Such correlations are linked with CCR 
of feed stock. 


44,AS 


Delayed coker Fluid coker 


Coke yield wt % 2.0-1-1.66 K 1.15 K 

Gas yield 

during coking (wt %) 5.54 1.76 K 54-1 3 K 

Where K is Conradson carbon residue of feed stock 
(Fig. 5 15.) 



Fia 5.15. Cnk^ yield Vs. Conradson Carbon Residue 
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Aromatics, asphaltenes are desirable feed stocks for a good 
yield of coke. Sulfur in the feed slock though it increases coke 
yields, it forms an inseparable complex with coke. Once coking 
is complete, the removal of sulfur from such product is rather 
impossible; calcination of coke again strengtheiis the lx>nds 
between sulfur and carbon. 

Sulfur crude bottoms*® and coal tar pitches are successfully 
blended for getting electrode coke of comparable ([uality obtained 
from asphaltic feetls. 

General methods of petroleum coke production arc listed 
below : 

1. Hot oven method (Kopi>ers) 

2 . Fhcrmal cracking (two coil—Diibb's) 

3 Delayed coking 

4. Fluid coking 

5. Contact coking. 

Hot oven method 

Presaitly, this inethixl has no reputation in petroleum 
industry With some modification the by-prcxluct coke oven 
batteries were employed for coking iMjIroleum stocks. High 
molecular weight stocks, asphaltenes, tars, pitches serve as raw 
materials to these ovens. The comHtions of coking are similar to 
metallurgical coke production. Temiierature in the range of 
1000—1?00°C is required and coking time id 18 hours is most 
desirable. With pitch of CCR value 50%, coke yield shall l>e 
approximately 70%. With ample and avid modem technology 
in hand, this has become an unwanted pr<K-ess. 

Thermal cracking 

Thermal cracking operations and coking operations can be 
conv«iiently and simultaneously airried out by Dubb’s two coil 
cracking technique. In cracking practice heavy oil is separately 
cracked and the products are mixc<l and chilled with fresh feed 
Instead of this, the cracked products arc allowed to complete 
cracking in evaporators. After evaporators there are fla.sh 
chambers where the separation of volatiles and recycle oils take 
place. These Hash chambers in Dubb’s cracking unit are ex¬ 
changed for coke chambers, where coking takes place. The small 
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difference can simultanneously yield cradcing oils and coke too. 
Lighter products evaporate and escape into the fractionator. The 
coking operation is conducted at the same conditions as Dubb’s 
cracking. Coke from the evaporator is later removed by any 
convenient technique. The off gases from the evaporator are 
opulent in unsaturated components. 

5.5.1 Delayed coking 

This is the most important process of all the coking techni¬ 
ques. Tn India, all plants operate on this technology only. 
Delayed asking is a technical*’^ outcome of two coil cracking 
process. Capability for cracking all types of feed materials 
including solvent extracts and simplicity of operation, have made 
this one as most adoptive in all refineries. 



The principle behind delayed coking opera,tion, is : heating 
is done in a furnace to initiate cracking and the reactions are 
complemented in huge and tall coke drums; hence the name 
dela 3 red coking is used. As a rule a series of such coke drums 
will be pressed into service. While one drum is engaged in 
getting feed, the other drums shall be m the process of coking 
and decoking. This way by orderly rotation of the drums the 
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process may be contrived to work continuously. Minimum two 
virums arc essential even for small capacity plants, in fact sets of 
drums in series are desirable. Usual operating conditions in 
delayed coker are given below : 


Operating conditions 

Heavy oil, discharge tenii>erature 
Coking temperature 
Pressure in coke drums 
Drums diameter 
Height 

Thickness of drum 


470~520°C 
45()_47()oc 
5 to 6 atmos 
4 to 5 M 
14 Id 20 M 
about 4 cms. 


Recycle ratios of fresh (heavy) and light oils are afljusted 
to maximise yields of cither liquid or solid products. An yield 
of 30% coke for reduced crudes or 80% for tars and pitches 
may be expected. Coke from these units contains volatile 
matter upto 8-15% and the bulk density may be around 9 kgs 
per liter. CDE of the plant may be reaching upto 99.8%. 

Conventional delayed coking process is shown in the flow 
<liagrani (Fig. 5.14a). The process begins with the fresh feed 
entering the fractionator (1) The fractionator complys with 
.ill the assignetdi duties as in two coil cracking plant. Heavy oil 
from the bottom of fractionator passes through a heater (2) at 
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a high velocity. Introduction of steam into heating coil pre¬ 
vents coke deposition in coil. The hot and partially vaporised 
mixture enters the coke drum (3). The coke drum is charged 
with hot mixture to half to two-third of the height of the drum ; 
or to a convenient marked level. 

'Phe level of hot mix in drums is modulated by cathcsle 
ray mionitoring. Steam and volatiles excape from the coke 
drums and enter the fractionator. This fractionator is also 
known as dephlegmator. These vat)Ours preferentially relin¬ 
quish heat to incoming feed; and in this act .stripping of vola¬ 
tiles from feed takes ])Iace. 

Changing of coke drums may require a time of 4 to 5 hours. 
Immediately after changing is over the drum shall be isolated 
from the stream. Effluents of the heater shall now be switched 
in to second drum. Coking being slow usually takes a time of 
10 to 16 hours. Time of charging coke drums mu.st balance the 
time of coking and decoking operations. 

Rough e.stimates of coke ftirmed in drums is possible if 
calibration of drums (tons per centimeter height) is done. 

5.5.1.1. Decoking 

Coke being set and hard, much difficulty is encountered in 
removing coke. Decoking is a time con.suming and arduous task. 
Lot of developments took place in the direction of decoking 
operations. Presently hydraulic jets at 150 to 200 atmospheres 
pressure are directed to break the coke, in place of once used 
mechanical breaking with hammeis, an orthodoxic way still 
prevailing in some countries tliat offer cheap labour. Drilling and 
mild dynamiting is also allowed. Of late the ingenious chain 
pulling technique has been acclaimed and welcomed by the industry. 
The technique consists of suspending strong chains in coke drums 
from the hooks fixed to the thick shell of drum at the top. Other 
ends of the chains are free to fold and lie submerged under 
charge. After coking is over, usually steaming is done to drive 
off hydrocarbon vapours. The top flange is disconnected and the 
chains are pulled by cranes ; this upward thrust shatters the coke 
to pieces, making easy for coke removal. Influence of feed stocks 
properties on coke yields are shown in Table 5.10a, b & c. 
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Tabix 510(a) 


Effect of API 

GRAVITY ON 

DFXAYED COCKFK 

YIISLDS 

CARBON RESIDUE 

lt>% 

16% 

16% 

Coking condilions 

Drum outlet temp ®C 

415 

435 

43.5 

Drum pressure kg/cm- 

' 1 

1 

1 

Charge API 

12 3 

130 

14.0 

Product yields wt% 

Gas (Vol%) 

42 

40 

3.6 

Coke 

166 

15 5 

136 

Gasolme 

89 

88 

86 

Gas Oil 

19 0 

173 

191 

Heavy Gas Oil 

53 3 

544 

55.1 

COMFARISON «>1 

Table 5.10(b) 

DELWin COKING ANU KLUIL 

( OKING 

Charge— 


Delayed 

Fluid 

Gravity “API 


15 

15 

Conradson Carbon 

Residue 


9 

9 

Sulphur 


12 

12 

Cs ahd Lighter 


60 

5.5 

Coke 


220 

11.0 

CDE% 


998 

912 

Qiargc— 

Contact Coking 

Delayed Choking 

Gravity 


189 

18.9 

Conradson Carbon 


117 

11.7 

Sulphur 


06 

06 

Products 

Lighter fractions % 


14 9 

7.5 

Coke Vo 


130 

200 

CDE% 


993 

99,3 
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Table 510(c) 
EhECT of RECYCXE RATIO 


Recycle ratio vol % 

0 

20 

40 

Product yieldii 

Coke 

ISS 

180 

200 

Gas 

40 

55 

60 

Gasoline 

13 0 

150 

15 5 

Gas oil 

215 

260 

285 

Heavy Gas Oil 

460 

360 

245 


5.5.2 Fluid coking 

Search for continuous coking has inducted the concepts of 
fluidisation with necessary modifications. Fluid cat. crackers use 
catalysts to bring the cracking and here cracking and coking are 
catalysed by ooke particles. Explicitly, it is nothing but forma¬ 
tion of excessive coke on surface of particles; as a special case 
these happen to be coke particles. Coke particles produced in 
the same unit assume more or less spherical shape and act as heat 
carriers while travelling from burner (rqjenerator) to reactor, 
and coke carriers in reverse travel. Some portion of steam 
stripped ooke is burnt and the remaining coke is taken out. The 
hot coke particles are in a state of fluidisation caused by incoming 
vapours. Thus the effective continuous circulation of ooke seeds 
namely coke particles is unvoidable. A close look at Fig. 5.14(b) 
reveals the process sequence. About 20% of coke produced is 
consumed to maintain coking reaction. 


Operating conditions 

Reactor temperature °C 
Pressure 

Burner temperature °C 
Pressure (Burner) 


4S0—560 
— Normal 
590—650 
about 2 atm. 


5.5.3 Flexicoking 

Petroleum industry, largely lured by gasification, tlie hub of 
modem petrodiemical industry has given to a matrix of coking 
and gasification operations in the form of flexi citing. This 
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integration enables refineries to convert vacuum residuums, other 
heavy feed stocks into desulfurise<l liquids and gases. As a 
result 99% vacuum residuums end up as liquids or gases with 
less than one percent sulfur. 

Fig. 5.14(c) shows the outlines of the process. Residuum 
feed is injected into reactor where thermal cracking takes place 


tcitu anw wt oTM fsifitw 

Mwt iowaTflg. 



Lighter products leave the reactor and enter the scrubber cum 
(1) fractionator. The purpose of fractionator is not only to 
rectify the volatiles, but also to entrap the coke fines leaving 
the reactor. Steam (admitted at the bottom of reactor) stripped 
coke circulates into heater (2), where devolatilisation takes place ; 
hydrocarbon gases obtained in this process are subsequently 
treated for purification. Coke formed in the heater is sent into 
gasifier (3), where ooke is encountered with a stream of air and 
steam. Gasified products again join the main gas stream for 
purification. Part of coke may be withdrawn if necessary, at any 
point between heater and gasifier. 

5.5.4 Contact Coker 

This is also a continuous process. The essential stei>s in 
this process are 

(a) Oil wetted circulating coke particles are allowed to flow 
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downward in reactor in a dense bed. Sufficient time is provided, 
in this way to complete cracking, coking and drying operati(»ns. 

(b) Rdtieater, heats the circulating coke particles to the 
requisite temperature levels. 

(c) Coke circulation system elevates the coke particles as 
dense unagitaled column. 

(d) Fractionation system for separation of volatiles. 

The operation is depicted*® in Fig. 5.14(d). Coke circulates 
always between reactor and heater. A part of coke is always 



Mi- 




fnurmtm 


I •& 0I| 


mm 


.tUHBM 


Fig. 5.14(d) Continuous contact coking 


essential for supplying thermal energy and remaining portion is 
separated from the disengager as shown in figure. 

Advantages accrue in the process, mainly in 


(a) Handling heavier residuums. 

(b) Great flexibility in operation and control. 

(c) (joke drums—cleaning is eliminated. 
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Table 5 11 

Ultimate analysis and physicaj pboplutii!^ op 

INDUSTRIAL CARBONS^* 


CarlxMi wt% 

Hjdrogen wt% 
Nitrogen wt% 

Oxjgcn wt% 

Sulfur wt% 

Ash wt % 

Rulk density kgs/lit 
Hardness Index H\V' 
Real density gm/cc. 
Spccttic Resistivity olim 


C'dcintd iietrolcurn coke 


Dcla>od 

Fluid 

9840 

93.90 

014 

1.27 

022 

033 

002 

oik; 

12 

4'K) 

035 

020 

089 

099 

38 

31 

20^ 

1 94 

0089 

oil; 


5.6 Hydrog^ Processes 

Hydrogen processes in a relinery play a vital role. The 
significance of these processes is increasing day by day. Jn 1955, 
these were inducted into refinery, but, clue to high cost of ojiera- 
tion, the growth was not as exj>ected. Now with l^etter 
lechnolog)' in hand and reduction in aist of oi^ration, these 
j>rocesse.s have become economic and refiners deem them as 
necessary. 

The trends in hydro i)rocessing fijierations can l>e judged from 
following"" information. 


years 


Cajiacity of process 

1955 

1966 

Cal. cracking 

U.3<rr 

6.9% 

Reforming 

0.7% 

12.9% 

Hydrogen 

1 .2% 

13.5% 


d by Carter"* indicates 

Thermal cracking 

3.66 Million 

barrels per day 

C!at. Cracking 

8.20 


Hydrocracking 

1.39 

ff 

Coking 

1.80 

t$ 


Mathias Pier**, the father of hydrogmation processes, might not 
23(45—155/1982) 
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have realised the importance of these. The largest hydrocrack¬ 
ing unit at present takes up 80,000 barrels per day. This shows 
dewrability and significance of a hydrocracker in a modem refinery. 

Hydrogen processes are divided into two classes as hydro¬ 
cracking and hydrotreatment. These are dealt vividly in this 
chapter. 

5.6.1 Hydro Cracking 

The name implies cracking in presence of hydrogen. In 
recent years, the tendency of hydrocracking has gained signifi¬ 
cance. While cracking (catalytic or thermal) is required to pro¬ 
duce more light fractions from feed stocks prone to cracking, 
hydrocrackers take feeds of relatively refractory nature like 
cycle oils, coker distillates etc. Being refractory, these stocks 
resist cracking, but with high pressure of hydrogen they crack 
quite easily. In fact in a mrxlern refinery both catalytic and 
hydrocracking work as a team. With improved technology it 
has become possible to handle even reduced crudes. Naphthenic 
stocks are preferred in catalytic cracking while paraffinic stocks 
require hydrocracking. Thus hydrocracking has become a power¬ 
ful tool to the refiner in the production of quality gasoline or 
mid barrel products from heavy distillates or fuel oils. 

5.6.1.1 Reactions in Hydrocracking 

Thermal or catalytic cracking) produce an olefin during 
cracking from a big molecule of paraffin. Hydrogen takes the 
charge of saturating the olefin produced as shown 

CnH gn 4* H *“^CnH giKi.a 

Unsaturation in straight chains as well as in ring structures is 
gradually eliminated. 

/X/CH, /X/CHa 

I II --^11 

\/ X/ 

Detachment of side chains and isomerisation reaction are very 
frequent with ring structures. 

C.H. 
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Isomerisation takes place in all types of coinpo*ietits 

n-C*H8 4 Hs --»* butane 
»-C4 Hio i butane or cis. butane 

Cracking of naphthalene gives the following prinlucts** 

I o I o 1 +Hg ->101 I -► I o I I 

\/W \/\/ 

I o I +C,H«/C4He 

W 

1 +H, I o I C*H, 

Supplementary reactions are some elimination reactions. Com¬ 
pounds of N 2 , S, O 2 are converted to corrcsp<jn<ling hydrides as 
listed below. 

RSH + Hb RH+H,S 

1^ n +n. ^ c.n.„(C.H„)+NH, 

N 

OH 

I o I +H, CeH.d-H.O 

X/ 

X\/^0-C»H. . . ^ 

I o 1 +Ht I o I -fCgHe + HfO 

\/ \X 

RCI-f-H. RH + H Cl 

Hydrogenation reactions are exothermic, while cat. cracking re¬ 
actions arc endothermic. Thus hydrocracking and cat. cracking 
are complementary to each other; in the sense^ cal. cracking 
provides olefins for hydrocracking; while hydrocracking pro¬ 
duces necessary heat for cracking. If hydrocracking is more, 
then the reaction becomes wayward due to the huge amount of 
heat produced ; cat. cracking even though it is endothermic can¬ 
not consume all the heat. A better method of heat removal is 
to quench the reactants with cold hydrogen during reaction. 
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Practically all amount of feed is consumed in hydrocracking, 
lienee the yields are likely to exceed 100%. Interestingly, small 
cimounts of light gases ar#* produced compared to normal cat. 
cracking oiierations. Hydrocracking produces more saturated 
com|x>unds, hence for quality gasoline, cat. cracking or reform¬ 
ing of gasoline.s may l>e necessary, 

5.6.1.2 Catalysis 

Reactions of hydr<jcracking require a dual function catalyst 
that can give cracking and hydrogenation activities. Cracking is 
due to acid sites supplied by silica-alumina or alumina, hydro¬ 
genation function is due to metals like nickel, tungsten, platinum, 
[palladium, molybdenum. Acid sites are sensitive to basic nitror 
gen. Nickel (5%) wl. on silica-alumina acts as good catalyst 
for treated stocks, i.e, stocks possessing not more than 50 ppm 
>of nitrogen. These catalysts can work at a temjierature of 350 
to 370°C and a pressure of 100 atmospheres. The effect of 
nitrogen can be decreased by increasing the reaction temperature ; 
hut increasing temperature jmjduces more gases and carbon. 
Also pkitinuni or palladium (0.5%) on zeolite base can abate the 
nitrogen attack. Dy using, platinum or ])alladium catalysts more 
isomeric structures can be produced than nickel or tungsten. 

Molecular sieves'^'' jxissessing large {xires are currently used 
for hydrocracking ojieratitms. They exhibit high activity even 
in pressence of hydrogen sulfide and ammonia due to large pores ; 
further they are hydrothennally stable. 

bodiuni conUiminatioir’® may deactivate the catalyst to a small 
(uctent but its presence is reflected in decreasing the octane 
number of gasoline. 

Mordenite catalysts are also available but their activity and 
stability rapidly decrease. They are suitable for producing 
gases from naphthas. 

Zeolite catalysts, loaded with noble or non noble metals fonn 
excellent catalysts, as they can operate in substantial concentra¬ 
tions of ammonia. Unicracking JHC processes operating on 
heavy feeds have successfully demonstrated the activity of these 
aitalysts up to seven yeans"'^. 

As the cracking operations go on, to counter act the loss 
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of activity of catalyst, the reactor temperature is increased day 
by diy by 0.5 to 1.0°C. 

5,6.1.3 Hydrocracking reaction condition.^ , 

U.sual lem]>eratures of cracking fall in the range of 300— 
400°C', with high pressure of hydrogen between (lO to 150 atnis. 
Relatively large amounts of hydrogen circulation is necessarv 
to prevent fouling of cataly.st which i)ennits long runs of catalyst. 
To get high purity pnKlucts, pretreatinent of feed is essential. 
'Phis prctreatnient not only removes sulfur, nitrogen, arsenic etc. 
but ascertains products free from these inumrilies. 


5.6.1.4 Processes and description 

Most of the hydrocracking operations are carrieid out in fixed 
bed reactors only. Catalysts are very similar to cat. cracking 
catalysts. T’reseiit trend of using molecular sieves attired with 
rare earth metals in hydrocracking is in n(» way different from 
cat. cracking reactors. The process may t>e conducted in a 
single stage or in two stages. First stage reactor is bequeathed 
to give 40 to 50% conversion to gasoline while the heavy |M)r- 
tion ('from the effluent of the reactor) forms the feed stCK'k fot 
2 n<l stage reactor where a 60% conversimi is anticifxiloil. 

The catalyst in reactor is spread in a num})er of l)e<ls; this 
help.s 111 locating the hot spots where cold hydrr>gen injection is 
planned. Hydrocracking jircKesses of common intere.st are 
described belowf: 

5.6.1.5 Isomax Process 

This process empbys a fixed bed catalyst system with a 
a single stage operation. High selectivity and activity of 
catalyst brings all features in the design t<* handle stocks from 
naphtha to deasphalte<l‘ residuuras. Alternatively,, Isomax offers 
a new route to hydnrtreatment of lul)e oils. Important aspect 
of this process is low comsumption of hydrogen; and with 
moderate temi^eratures of operation, a fresh charge of catalyst 
can maintain its activity from one to two years before any 
regeneration is attempted. 
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5.6.1.6 Isomax Ilydrocracl^ny (Fig, 5.16) 

Charge stock, recycle hydiogen and majce up hydrogen are 
mixed and passed through a heater. The mixture enters the re¬ 
actor (1) from the top while cold hydrogen is admitted into the 


RECYCLE HYOROCEN 



RECYCLE OIL 


1. REACTOR 

2. HIGH PRESSURE 
RELEASER 


3. LOW PRESSURE SEPARATOR 

4. fractionator 

S AMINE TREATMENT 


Fig S 16. Hydrocracking (isomax) 


reactor at dilieient points (hot spots), The effluents from the 
reactor are immediately heat exdianged with the c/s, chilled and 
fed into a high pressure sqmrator (2) ; where hydrogen is 
separated. This hydrogen is contaminated with H 2 S and NH.,; 
hence a proper treatment for the removal of these constituents is 
required and is practised in the treater (5). The recovered 
hydrogen is compressed to the required pressure and recycled back. 
Treated stock from high pressure releaser goes to low pressure 
separator (3), where fuel gas (up to Cj fractions) H*S, are 
obtained. Liquid fractions from the bottom of this separator 
enter the fractionator (4), where distillates are separated. The 
heavy oil from the fractionator is recycled back to the reactor. 
Light gases, after congenial treatment can go into the fuel system. 





Reactor 
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Operating conditions ^ 

J’ressure of hydrogen 30 to 100 atmos. 

'I'emp. of the reactor °C 250 to 370®C 

Consumption of hydrogen 35 to 50 Myper barrel 

5.6.17 //, G, Hydrocracking 

Gulf Research & Development Co. and Hcjudry Divn, had 
jointly <lftvelo|)ed this pnKess. Jn this process, conversion of 
light anil heavy gas oils into more valuable lower boiling products 
is accomplished. 'Fhe process is designed for a single stage or 
two Stage reactor system. 

Fig. 5.17(a) shows single stage operation and 

Fig. 5.17(b) shows twoi stage operation. 

When two stage system is employed, mild hydrotreating opera¬ 
tions take place in the first reactor ; second stage sees through 
the hydrocracking reactions. Effluent from first stage reactor is 
cooled and hydrogen ricli gas is sei>arated for recycle as shown 
in Fig. 5.17(b). Effluent from the secyrnd stage is cooled and 
hydrogen is separated. Fuel gas and lighter fractions are 
separated. A distillation column fractionates the effluent into 
gasolines and distillate oils. The heavy portion of the oil may 
be recycled back into the second stage reactor. 

Ultra cracking of Standard Oil Co. operates on similar lines 
as the above one. t atalyst is multi functional; these functions 
inclufle denitrogenation, olefin arwl aromatic saturation and desul- 
furisation. Longivity of the catalyst has made the process more 
economical. A difference exists from the previous operations in 
introducing water directly into cold reactor effluent, which 
absorbs ammonia and jiartly hydrogen sulfide too. 100% con¬ 
version with a feed of 70/30 mixture of coker and heavy catalytic 
oils is most usual. 

Unicracking—^JHC developed by UOP and' ESSO enjoys 
a good reputation in hydrocracking operations. All types of 
cycle oils and paraffinic raffinates can be successfully fed to the 
reactor system. More than 100% yield is achieved with low 
dry gas yield. Heavy gasoline from these units is good foi 
reformers, thus the process has become important for produc¬ 
tion of aromatics. 
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All the fixed bed operations resemble one another. 7'hcy 
differ only in the catalyst composition and few! stock and pro¬ 
duct pattern. 


Frtsh 



(rccycit) 

Fig 517(b) H G H>drocracking (Two Stage) 


5.6.2 Moving Beds (Ebulient bed Reacioks) 

Cities Service Research & Development Co. had develorjed 
this process. The high lights of the process is that it employs 
an ebulient bed instead of fixed bed; which brings in extremely 
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efficient contact of catalyst, oil and hydrogen. Residues are con¬ 
verted to low sulfur fud oils. Heavy gas oils and cat. cracker 
oils are hydrogenated. Its capacity to handle short residuums 
or stocks of high metallic content iis striking. Since the cata¬ 
lyst bed is in ebulient condition, addition or withdrawal of cata¬ 
lyst during operation is no problem. A constant quality and 
rate of products can be remarkably maintained without much 
difficulty. 

5.6.2.1 Moving Bed Hydrocracking Process (Fig. 5.18) 

H—oil process is designed to process residuums or other 
heavy feed charges and usually employs a hydrogenating catalyst. 


aCCVCLC MVOROCIM 



Fig 5.18 Moving Bed Hydrocracker 

Hydrocracking jircKess, was also developed by Cities Service 
Research and Development Company and Hydrocarbon Research. 
This process uses a dual function catalyst and can take up feeds 
upto a boiling point of 650°C. The major difference in these 
processes is that the catalyst is kept in moving condition. To 
achieve this moving bed conditions, charge is fed into the re 
actors from the bottom. The reactois two in numbers (1. 1) 
work serially. The effluents go from the top of the reactor. The 
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separation, reading and fractionation follow the conventional 
procedure as is done in Isomax Process. 

Operating conditions : 

Pressure 2()0 atmos. 

Temperature -iOO—460°C 

Consumption 

of hydrogen 40 AP/bbl 

Some of the laboratory results on hydrocracking of vacuum 
distillates for mid<lle distillates are shown^“ in Fig. 5.19a, b, c 
and d, 

5.6.3 HVDKODESULFURIZATION AND HyDROTRIIATMENT 

Next to hydrocracking operation, hydrodesulfurization and 
treatment form major hydrogen procesijing operations. The 
difference between hydrodesulfurisation and hydrotreatment is 
marginal and work on the same technology including catalyst. 
Difference occurs mainly in operating conditions. Hydrotreat¬ 
ment in most of the cases may be treated as a finishing operation, 
while hydrodesulfurisation is mainly a technique of impurities 
elemi nation. 

Though the name hydrodesulfurisation suggests the removal 
of sulfur, yet other impurities which can form hydrides are also 
simultaneously taken off. 

The importance of hydrogen processes, eilier for desulfuri- 
sation technique or for treatment technique or production of 
lighter fractions by hydrocracking is ever enchanting and in¬ 
creasing. The refiners are thinking of introducing “All hydro¬ 
gen”®® refinery operations due to many advantages available by 
hydrogen processes. 

5.6.3.1 Hydrodesidfurisation (HDS) 

Hydrogen over a catalyst is capable of reacting with sulfur, 
nitrogen, halogens and oxygen, from the respective compounds 
available in the fractions. Sulfur, nitrogen and halogens escape 
as the respective hydrides, while oxygen escapes as walci 
vapour. Metals found in the oil are generally adsorbed on the 
catalyst surface, hcance the product shall always contain less 
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nietajs. However increase in metal concentration on the surface 
of catalyst naturally rescinds the activity of catalyst. 

Increase of boiling point of feed also brings alanningly 
increasing difficulties to the process. Thiophenic compounds arc 
major sulfur compounds in the high l)oiling fractions, and these 
l)eing lethargic towards hydrrjgcn render desulfurisation more 
difficult. Mercaptans <lo offer such difficulties but to less extent, 
hence may l>e placed m intermediate region. Nitrogen is quite 
adamant anti requires very severe conditums. 

Bauxite with impregnation of nioIylKlenuin is laiKitdc of 
removing 70 to 80% of metals.*® Hemelallisation (l)einexl 
jirocesses arc being trieil extensively. In this mothixl the rcn»o\al 
of metal concentrates is done by solvent exttaclioai resuinhling 
deasphalting oi>crations by solvents. Manganese nodule.s“®’ are 
found to be catalytically active in demetalatioai of topjxnl trmWs 
in presence of hydrogen. These nodules are cheviply available 
in marine and fresh water sediments. Manganese luxlules 
(leijosited on CO—Mo on alumina Ixise serve the lK*st.*‘ Hung 
and Wei®® .studied demetalalion of iKirphyrins u.sing (.>> (\,- Mo (), 
on alumina. The report show's that 00% of nickel and vana 
(limn could be eliminated. 

5.6.3.2 Catalysis 

Two tyi^es of catalyst compositions are popularly used namely 
Nickel-mplybdenum and Cobalt-molybdenum on alumina. Although 
both are active catalysts, still some reservation.s are obn'rved w'lth 
reference to 'Ni-Co compositions.®’ These compositions .seem to 
be more active than Co-Mo catalysts, e.specially while ranoving 
nitrogen. Basically, the structure, jAarticle size and porewity of 
the catalyst are irrefutable parameters in judging the activity and 
life of catalyst.®* Sulfur in ijaraffins is easily removed, while the 
same in aromatics is quite resistant. Jvven G>-Mo catalysts at 
350°C under a pressure of 100 atmos can remove 90% nitrogen.*® 

Comprehensive studies on Ni-Mo (Shell 324) and Co-Mo 
(Shell 344) by T. F. Kellet etal. show'*® : 

Ni-Mo catalyst.*; arc effective for removal of nitrogen ; hence 
these are suitable for treating cracked stocks. 

Ha consumption with these catalysts is more. 
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In general, increase in space velocity increases sulfur in pro- 
(hicts and hydrogen consumption. 

As reaction temperature increases hydrogen consumption too 
increases. 

With Ni-Co catalysts, pre sulfurisation with carbon disulfide 
or any sulfide is essential.®^ The fullest activity of' 
these oxides occurs in fact a,fter interaction with sulfur 
and a part of catalyst is con' ectod into sulfides. 

Widely used catalyst composition is given below: 


Mo Os 

12.9%-13% 

by wt. 

CoO 

4.1%-5% 

do 

NaOH 

0.6% 

do 

SiO, 

1.0% 

do 

Sulfates 

1.0% 

do 

Ala Os 

(by difference) 


Surface area 

mygm 

200-320 

Pore volume 

c.c/gm 

0.4—0.6 

Bulk density 

gm/cm® 

0.65 to 0.68 

Shape : 

Cylindrical of 1.5 

mm diaX4 


Apparent activation energy : 7.83 to 12.58 K cals/gm 


5.6.3.3 Process Variables 

Partial presstue of hydrogen, temperature and space velocity 
are the principal operating variables for a chosen catalyst compo¬ 
sition. Increase of partial pressure of hydrogen, suppresses the 
coke formation and enhances the reaction rate. High temperatures 
favour removal of nitrogen and thiophenic sulfur; but excess 
of temperature retards the reaction rate due to cc^e formation. 


Reaction variables-conditions : 
Hydrogen consumption 

Pressure 

Recycle hydrogen : 
Temperature 


2.9 M* per barrel per 1% sulfur 
reduction; 8 M® per barrel per 
1% nitrogen reduction 
10—^200 atmos. 

8 toi 10 times consumption 
35a--450oc 
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For olefin and aromatic hydrogenation extra quantity of 
hydrogen is required : 

Yields for distillates 
for residues 
Sulfur reduction with 

naphthas and distillates 
for fuel oils and residues 


95 to 999f) 
85 to 90% 


up to 05% 
up to 50% 


Fig. 5.20 shows the hydrodesulfurisation operations. C/S and 


fRCM HYOROCCN 
MAKE UP 



recycled hydrogen (fresh hydrogen) are heated in a furnace (6) 
and the vapor is fed into reactors (1) ; one or two stages may be 
employed. Some times reactors are arranged in parallel to 
increase the capacity of plant. The out going vapors are admitted 
into a| high pressure separator (2) where HaS, NHa etc. are freed 
along with unreacted hydrogen from the treated product. The 
product goes into a low pressure se])arator (3), where gases 
(hydrocarbon) are sefjarated and the bottt^m product is transferred 
to a distillation column. Hydrogen from high pressure separator 
is associated with impurities formed in hydrotreatment. So the 
gas is purified by treating with amine solution (4). I'ure hydrogen 
recycles back. ’’ 

Catalyst composition Co—Mo Metallic comjxmnds on 

alumina pellets. 

Temperature 350- -4S0®C 
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J’re^'Surc 
Space velocity 
Sulfur reduction 
Ni + V pi>m reduction 


High, up to ICO atmos. 

02 to 2 V/hr.V. 

90% 

Up to 90% in light fractions 
Up to 60% in heavy fractions 


Gulf H D S process is a fixed bed regenerative process. By 
varying the reaction «mditions light distillates can be processed. 
Regeneration is earned in situ by blowing air steam at 400 to 
500°C, A safe period of 4 to 5 months at desulfurization levels 
of 65 to 75% is (juite attractive, before any regeneration is 
attempted. Ijow cost catalysts with high activity are proprietary 
of Union Oil Comp. These catalysts enable the operation at 
reduced pre.ssures (40--60 atmos ) for feed stocks of diverse 
nature. Gulf fHDS) process on Kuwait residual oils shows a 
removal of sulfur from 3.8% to 0.1%, with improved quality 
of gas(»Hnc ; yel requiring 33% less reactor volume. 


H D S product inspection®® 

Reduced crude 
A V I 249 


Sulfur % (3 8) 

Oil 

SUS 988 

61 

386 

456 

P. pt. “C 

—1 

Carbon residue 

232 

Na wt. % 

008 

Vanadium 1 

Ni / 

03 

03 


Desulfurised gas oils 
344 
007 
1 49 cs 
40 
—1 

009 

008 

01 

01 (Figures in brackets 
show the amounts m 
raw material) 


5.6.4 Hvdrotreatment/Hydrofining 

'I'hese oi>erations are treated as finishing operations. 
Different fractions require characteristic finished properties, 
hence the opeartion is selective to each fraction. Cx>lour, stabi¬ 
lity and odour are the selective i«irameters and improvement in 
thc.se makes the product more valuable. 

For naphthas and gasolines : 
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Treatment improves colour, odour and stability. Removal 
of sulfur is essential before feeding to reformers. Susceptibility 
to lead is increased if the sulfur is removed. 

For Kerosene and Jet Fuels 

Besides improvement in colour, cKkmr and stability; smoke 
ix>int improvement is added advantage. Cxniversion of aromatics 
to naphthenes results in quantity and quality of these fuels. 
Diesels also fall into this category. Though much saturation is 
n<jt anticipated, still removal of i>ollueiits is highly commended. 

For Llbes 

Viscosity index improvement is a great achievement/'" This 
treatment thus saves the valuable material in going as loss. 
J^liminates to certain extent refining and acid treatment. 

Some of the trade names of the processes instituted for 
different inirposes : 

5.6.4.1 Auto fining/Objectives 

I>esulfurizatiion of distillate stocks. Prejxiration of feed 
stocks for steam reformers and SNG plants. 

Arofining/Objectives 

Reduction, of aromatics heljiis in producing quality jet fuels. 
Aromatics free solvents and less aromatic feed stocks for some 
cracking operations. 

Gidfining , 

I’roduction of low sulfur fuel oils or cat. cracking stocks. 
HPN 

Selective hydrogenation and desiilfurisation Hydrogenation 
of Ct—C* olefins and diolefins. 

Hydrogenation of cracker naphthas. 

flydrohon 

Objectionable materials are removed from petroleum distil¬ 
lates. Sulfur in naphtha may be reduced to 0.5 ppm. 

5.6.4.2 Hydrofifdng 

Removal of sulfur from wide range of distillate feed stocks. 
Improvement in colour, stability and odour. 

24(45—155/1982) 
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Lvbe hydrofinishing 

Improves colour and stability of lubricating oils. Reduction 
in impurities and improvement in viscosity index. 

Ferrofining 

Solvent refined lubes are treated. This eliminated acid- 
clay treatment of lube stocks, employs rugged three component 
catalyst. 

Ultrafining 

Desulfurization, denitrogenation and saturation of olefins. 
Naphthas, Kerosenes and diesels decanted oils are treated. 
Employe CO, Ni & Mo catalysts. Low pressure and low tem¬ 
peratures with minimum consumption of hydrogen. 

Unionfinmg 

Desulfurization and denitrc^enation of wide variety of 
petroleum stocks. Mainly used for cat. cracking feed stocks and 
kerosene desulfurization. 

5.6.4.3 Hydrofining operation 

This process is versatile in industry, with proper choice of 
catalyst and oonditions, impurities are removed! and burning 
characteristics of virgin and cracked materials are improved. 
Naphtha' to reformers (steam/catalytic) must have as low ajs 
5 ppm of sulfur and nitrogen; otherwise the bimetallic catalysts 



Fia 5.21. Hydrofining operation 
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are easily poisoned. It may treated as a '^weatcning technique for 
su:h feafe. High quality diesels ami kerosene can be made from 
even, sour crudes. 

Fig. 5 21 shows the outline of the i>n)ress. 

Feed) stock and hydrogen (recycle + make up) arc mixetl 
and heated in a furnace (1). The mixture is passed through 
reactor (2) containing Co-Mo ^ixide cJibilyst. Reactor conditions 
rajnge from 250 to 450°C and 10 to 80 atmos. dciiending ujion 
the degree of treatment and lx>iling of feed. I'ho reactor 
effluents are heat exchanged and purged in a pressure releasing 
drum (3). Recycle hydrogen after treatment with different 
solutions (5) to absorb HoS and coniprcsseil and mingled 

with the ni;ike up hydrogen. The i^rmlucts are stripped (4) to 
remove light gases and remaining hydrogen sulfide; the bottoms 
of the stripper constitute the treated ptciduct. Catalyst is not 
generally regenerated but replaced after 12 to 14 months. 

5.7 Alkylation 

At jjresent alkylation pnxiesscs are gaining imix>rtancc; 
high quality blends of motor fuels can be obtained by this method. 

Alkylation processes are conducted on a large scale. Equi¬ 
valent to 2% wprld crude refining is earmarkeil for this opera¬ 
tion alone signifies this statement. 

Alkylation processes are conducted hy Lewis acids like sul¬ 
furic. hydrofluoric acidls and aluminium chloride. 60% of alky¬ 
lation is done by sulfuric acid, while the rest is done by hydro¬ 
fluoric acid ; this shows sulfuric acid has got certain advantages 
over HF. Aluminium chloriile is not used very much for alky¬ 
lation purposes. Sulfuric acid process requires a very low tem¬ 
perature, usually less than 15°C to prevent oxidation of the 
products ; HF can operate fairly well upto a temperature of 
35®C. During alkylation, sulfuric acid undergoes marked 
changes. Fresh acids give low yields of alkylation, while 
circulating acids give improved yields.'^* Some additives are also 
added to decrease the consumption of acicli and increase the 
yield of alkylate.^® Alkylation reactions are exothermic hence 
heat removal is essential. This is done by evaporating propane 
in the reactor. 
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beed Stock and reactions 

Alkylation is reverse of cracking, it joins an olefin with a 
[Kiraffin In fact an i-paraffin is chosen, so that production of 
a tertiary carbonium ion is favoured. Useful raw gases for this 
reaction are propone and' i-butime. Tnspite comijonents higher 
than butane can be alkylated, it is not desirable here, duo to the 
fact that there will be a great increase in boiling point, l^r 
example, i-propane as such is having good octane number, it gives 
low vafioui pressure to gasolines when blended. Further, with 
I)ropane, and aniylenes, the alkylate produced is stable in presence 
of add whereas i-pentmo^* produces higher alkylates having 
relatively less stability. A high ratio of i-paraffin to olefin 
(not less than 5) is maintained in the reactor. A contact time 
ranging from 30 to 60 minutes is usually sufficient. UnconsumeJ 
i-liaraffin is always recycled back to increase its concentration in 
the reactor. Reactions proceed via carbonium ion mechanism as 
shown below ; 

C C 

c—c—c + c = c-c - c-Lc-c-c 

i-butane i-butene 2,2,4 trimethyl pentane 

or 

C 

C—C-C + C = C-C - C—(t—C—C-C 

I 

C 

i-butane propane 2,2 dimethyl pentane 

In sulfuric acid alkylation, acid of 93 to 95% strength is 
used (higher strengths of acid can cause the reactions at lower 
temperatures). Sulfuric acid alkylation is done by two well 
known processes, namely Cascade and Effluent Refrigeration. The 
differences between the two processes are in reactor design and 
how propane and butane evaporate in the system to induce 
refrigeratiion, 

5.7.1 Cascade sulfuric acid alkyt ation 

In this a multistage cascade reactor system (fitted in eadi 
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Stage with a mixer) is employetl Hydrocarbon and acid pass 
from one stage to other cascading serially ; Olefin is' split and 
introduced into each cascade. I'lie fimned alkylate is taken out 
from the top of cascade reactor. co<ded and fractioiiatc<l. 
i-Butane fnom the fractionator is mixed with the incoming feed 
and sent into reactor. Acid from the lK>ttoni of the reactors is 
taken and kept in circulation, necessary fresh addition of acid is 
also continued. Pn>pane evaporation causes self refrigcTatiou 
and maintains the tem|KTalitre of alkylation at rc(|uire«l low lev**l. 
Propane leaving reactor with butane slreain. is compressed 
cooled and fractirjnated to recover back the refrigerant for 
circulation, log. 5.22 shows the pnKcss Ihjw sheet. 



Fig 52i. Sulfunc Acid Alkylafion 

(1) Cascade Reactor (2) Heat Exchanger 
• (3) Caustic wash section (4) Fractionator 
Cl & Cz Coolers 
Cb reboiler 


5.7.2 H. F. Alkylation 

There are two commercial processes employing HF as 
catalyst. These are licenced by Phillips IVtroleum and UOP 
Companies. 

The essential features of the process are shown in Fig. 5.23. 
Olefin and i-butane feed (1 : 5) is drieil and mixed with recycling 
acid. TTie mixture is passed into reactor; the reactor acts a$ 
settler also. After reaction is completed mixture is allowed to 
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settle into two liquid layers. Acid layer is removed from the 
bottom of the setter, coolod and recycled. Fresh acid is supple¬ 
mented whenever required. A part of add is stripped to remove 



Fig. 523 Hydraflouric Acid Alkylation 

(1) Reactor (2) Fractionator 
(3) Reboiler (4) Gx)Ier 


water and polymer products. Acid, free from these, is again 
mixed with the circulating acid. 

flydrocarbon layer removed from the top of the acid settler 
contains unreacted constituents and alkylate along with small 
amounts of acid. The oomiwnents are separated by fractionation 
and i-butane is circulated into the reactor. The flow sheet does 
not show complete rectification system. Alkajate from the bottom 
is again stabilized to separate i-butane. i-Butane leaving from 
these columns is fed back to the reactor. Acid re-run plant is 
also not shown in the flow sheet. 

A minimum f)ressure in both the alkylation systems is 
essential to increase the partial pressure of reactants and decrease 
the volatility. The properties of both these acids is shown 
below. It is explicit, that HF is soluble in hydrocarbon layer 
up to 0.5%. That is the reason, why a separate distillation plant 
is required to recover the HF from alkylates ; while this trouble 
may not be there with sulfuric acid. 
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Properties of acids : 



Sulfuric acid 

Hydrofluoric 



acid 

B. P. OQ 

290 

19.4 

Freezing point °C 

+ 3 

-83 

Sp. gravity 

1.84 

0.99 

Viscosity (CP) 

3.3 (15°C) 

0.26 (0®C) 

i. C 4 Hxo; in 100 % acid 
Solubility 


2.7 at 27®C 

-do- in 99.5% acid 

0.1 (13°C) 


Solubility of acid in 
hydrocarbon layer 

1- 

0.5% 


AICI 3 alkylation proceeds in presence of HCl gas ” (8 to 15 
moles per 100 moles of feed gas). The catalyst can be in complex 
form with hydrocarbon diluents or can be used in dry state. 
About 170 gallons of alkylate is obtained per kg. of salt. 

5.8 Ksomerisatioii Processes 

Conversion of normal paraffins into isoparaffins helps in two 
ways. Good quality gasoline due to improvmicnt in octane 
number is the essential result of an isomerisation process. For 
alkylation purposes, isoparaffins are required because the straight 
run products naturally can not meet such demands ; hence isomeria- 
tion of straight chain compoundjs is inevitable. 

Feed stocks suitable for such operations should mainly 
consist of C 4 ., C 5 and Ce fractitms. Isomerisation may taka place 
m vapour phase or in liquid phase with a dissolved catalyst. 
Process Desaiption : 

All types of catalysts used in cat. cracking and reforming 
IJoerations are certain to bring about this reorientation of mole¬ 
cules’’*. At present aluminium chloride catalyst is vastly employed. 
This catalyst can be used in fixed beds or in liquid contactors. 
Noble metal ca,talysts are generally employed in fixed beds only. 

5.8.1 Isomerisations with Pi.atinuum Catalyst 

The catalyst used in this process is similar to platinum base 
catalyst used in catal 3 rtic reforming operations. 'Die main 
difference is in number of reactors and reaction Qonchtions. Un¬ 
like platforming operations, there is only one reactor in this 
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process. A cutalyst promoter like hyclrjrjgen chloride is continu¬ 
ously addled during reaction to keep the activity of catalyst; in 
fact the deactivalion of catalyst occurs over a long time of 
operation. Hydrogen atmosphere in the reactor is essential to 
minimise coke formation ; the consumption of hydrogen, theoreti¬ 
cally is zero, hence recycling of hydrogen may be attempted if 
used in large quantities. 

Conditions of reactor : 

Tomijerature 150 to 190°C 

Pressure 20 to 30 atmos. 

Hydrogen/HC mole ratio 1.8 to 2 : 1 

Space velocity 2 to 3 

The improvement of octane number for whole naphtha (C5 to 
C7) fracti|0ci may be about 8 units, hor individual compionents 
like butane, pentane and hexane, it may be more. 

5.8.1.1 Aluminium Chloride process 

The process can be oomkicted in fixed beds where catalyst is 
usually d^eposited on various carriers. The catalyst is non 
regenerated. Hydrogen chloride and hydrogen a4re continuously 
added into reactor, tig. 5.24 shows the sequence of operations 


HCL RECYCLE 



SLUDGE 


t. REACTDir. 4. HCL STRIPPER. 

Z. CATALYST RECOVERY SYSTEM. S. CAUSTIC NEUTRALISER 

». HYDROGEN STRIPPER. S FRACTIONATOR. 

tsomsrisation prscGss. 

Fig. 5 24. Alluminitun Qiloride Isomerisation Process 
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in isomerisation process using fixed lied aluminium chloride cata- 
lyst. Desulfuriscd and moisture free feed slock (Cj/Q) with 
recycled w-paraffin is mixed with hydrogen and heated (not 
shown in figure). This mixture with recycled IK'l gas enters 
the reactor (1) ; where the catalyst is spreafi on alumina or 
bauxite in a fixed bed. 

The effluents are passed through a catalyst recovery 
system (2) and then thrcaigh a pressure rtle,iser ^3) where 
hydrogen sejiarates out. l.ater llCl gas is recovered in a strip- 
I>er (4). The effluent is given a caustic wusli (5) and finally 
sent into a fractionator (6) to sci»arate i-ixiraffin at the toii ami 
«-paraffin at the bottom. >r-i>aiaffin is recycled liack. 


Reaction conditions : 
Temjxjrature °C 
1 Vessurc 

Space velocity 

Hydrogen requirements 
HQ wt% 


: 180 to 250 
: 20 to vSO atnios 

. 10 

2 to 6 M * per bbl. 
: 4 to 5 


Aluminium chloride, when use<l in liquid contractors is 
generally dissolved or made into a slurry in hydrocarlx>n li<iuids. 
The tendency for aluminium chloride h) form complex with 
these solvents increases, hence a feed stock higher than butane 
is likely to carry more aluminium chloridf' fig. 5 25 siviws the 
operation in liciuid phase. 

Paraffin feed (1) is first dried in a dryer t2) and heated 
to 60 to 100°C in a heat exchanger Q). The feed now passes 
into a catalyst scrubber (4), where it can remove the catalyst 
entrapped in heavy sludge obtained in the process. The feed 
is then mixed with hydrogen, and hydrogen chloride vapours 
and allowed to enter the agitator reactor (5), where fresh/ 
rec}’’cle catalyst is always present. 

The effluents are then washed with water/alcohol to remove 
the catalyst in a wash column (6). The light hydrocarbon 
layer is led into an accumulator where hydrogen and hydrogen- 
chloride are separated. Heavy, settled hydrocarbon layer is 
circulated back to wash column while some pnxluct is taken to 
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a stripper where remaining HCl vapours are driven off. Light 
paraffins recycled back, while i-parafi^ is obtained at the bottom. 

The conversions are likely to exceed 60% with all types of 
feeds. 

Some processes of industrial significance arc given below : 
Hysomer Process : (Union Carbide/Royal Dulch/Shell) 

It is aimed to improve the octane number of gasoline^ 
wntaining rich amounts of pentanes and hexanes. Hydro cradeed 
stocks are generally rich with such component*;. In this process 
noble metal deposited on zeolites, capable of offering dual func¬ 
tions, is employed as catalyst. These catalysts arc capjible of 
taking feeds containing sulfur and water upto 35 and 50 ppm 
respectively. Hydrogen consumption is very low, O.l to 0.3% 
by wt. The catalyst is regenerable. 

Operating conditions : 

Temperature 250 to 300'^C 

Pressure 15 to 30 atmos. 

V 

Space velocity y 1 to 3 
Octane number improvement is generally 6 to 10 units. 

5.8.1.2 Penex (UOP) 

Pentanes or hexanes are isomerised over platinum containing 
catalysts. 

Operating conditions : 

Temperature 
Pressure 

Octane improvment 
Conversion 

5.8.1.3 Isomate Process 
Aluminium chloride complex as catalyst with anhydrous 

hydrogenchloride promoter offers non regenerative isomerisation 
process. 

Opera;ting conditionis : 

Temperature 110 to 125®C 

Pressure up to 30 atmos. 


125 to 180°C 

— 20 to 70 atmos 

— 6 to 10 units 

— upto 100% 
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5.0 Polymer GaaoUnes 

Polymer gasolines actually represent dimers and trimers of 
olefins. High molecular weight polymers form a separate 
chapter. 

Polymerisation is intended to convert off gases of thermal 
crackers, lliis can be accomplished in thermal units or catalytic 
units. In fact inirification of the stream is not essential as the 
catalysts are capable of converting olefins even in presence of 
other diluentb. Thermal polymerisation is not very effective, 
hence only catalytic jiolymerisalion is industrially opted. 

Olefin polymerisation is brought abfiut by certain catalysts, 
like copper pyrophosphates on charcol. sulfuric acid, pliosphoric 
acid ; at low temperatures not exceeding 2C0°C., and at pressure 
of 10 to 80 atmospheres. The reaction is exothermic liberating 
225 to 300 kcals/kg. of polymer formed. 

Process Description 

The feed stock consists of C, & C4 olefins (40 to 60%) 
obtained from crackers. 

Catalyst is phosphoric acid ileposited bn carriers of inert 
nature (Quartz, Kiesulguhr etc.). The reaction is exothermic 
and is amtrolled by admitting cold! feed stock into the reactKjr. 

If Tubular reactors are used they can Ije controlled by water or 
oil circulation. The process is .shown in Fig. 5.26 and is almost 



in. CAUSTIC ANO WATCH WASHERS 111 REACTOR 

(2) ORTER SERARATOR 

tSI FRACTIOIIATOR 

f 

Fig. 526. Flow diagram for Polymer gasoline 



THERMAL AND CATALYTICAL PROCESSES 


381 


similar to alkylation process. I'he off gases from the crackers 
are first washed with caustic and water (1). Ihe gases are tlien 
passed through a dryer (2), enter the reactor (^3). The effluait 
from the reactor enters through a cooler into pressure releascr (4) 
where condensed gasoline is collected and reiyrled gas is 
separated. The liquid fractions are now taken intoi fractiona¬ 
tor (5) where ixjlymer gasoline is obtained from the bottom of 
the column. Unre«icted gas escaiies from the toj) of the tower. 

The reactions can be conducte<.l at low pressure t>r high 
pressure. The life of the catalyst is less when lew pressure 
is iised,^® about 70 gallons of polymer can be producol by a kg. 
<if catalyst; high pressure reactors can yield 140 gallons of 
pdymer per kg. catalyst. 'I'lie polymer can give an octane 
number of 94 to 97 

Sulfuric acid of 65strength at an oi)erating temperature 
of 30°C is sufficient.'^" 


RtJhKLXiE^ 

' lleiigMtkck, k J , iMroleuin I’locossing, McGraw Uill p 123 
2 Martin & Wills, Advances iti Petroleum Refining ;uid Technology 
edited by Kenneth Kobe. Iiit«. i scienci* Vol II, p. .359 
* Biooks, B T , Kurtz, S S, Boord, C E & Sclimerhug, I'hc 
Clieitnstry of IVtrokmn Hyilrocarbxis Reinliold Vol I, p. 40 
">> Ibtd Vol ir, p 12 

(b )4 47 Nelson, W L., Petroleum Refinery Jinginecring, Me(»rriW 
Hill p 670. 652, m 

® Genisse & Reuter, I. E C, 24, 1932, p 219 

® AJuddin, Md, Rao, B. N B & Bancrjee T S, Cliemical Age of 
India 1970 

^ Charles L Thomas & Edward J McNelis, 7th WPC, IB, p 161-169 
» Sittig, M Pet Ref 31, 9, 1952. p 263 

® ^ \oItz, S E., Mace, D M, facob, S M. & Weekman, W. W., 
lEC, Proc Dcs Dev 11(2), 1972, p 261. 

Estwood, S E, Sailor, R A & Schwartz, A B. 7th WPC, 
Vol 4, p 90. 

Closiantinides, G & Arich, G, Fundamental Aspects of Petroleum 
Geochcmistr> (B Nagy & U Colombo,) Elsevier 1967, p 109 
« John B Rush, IlCP Sept. 1981, p 113. 

12 & 51 Frank G Ciapetta, 7lh WPC, Vol. IB, p 141-14^. 

‘5 Baiky, W A. & Morse, N L, Oil & Gas J 1966, 64 *(No. 11) 
p 110-114 



382 


MODEItN PETROLEUM REPINING PROCESSES 


Plank L. J., Rosonski, E. J. & Hawthrone, W. P. lEC Prod. Res^ 
Vev. 3, 1964, p. 165. 

« Smith, W, M., 7th WPC, Vol. 4, p. 83. 

Conn, A. L., Meehan, W. F. & Shankland, R. V.. CEP, 40 1950, 
p. 176-186 

« Murphy, J. R., Oil & Gas / 6S (47). 1970, p. 72. 

Whittington, E. L., Murphy, J. R. & Lutz, I. H. Oil & Gas J 70 (44),. 
1972, p. 49. 

Bunn Jr.. D. P., Grucnke, G. F, & Jones, H. B CEP, 65 (6)„ 
1966, p. 86. 

20 (a) & (b» jicp, Sept. 1972, p. 137-136 
Petroleum, March 1953, p, 75-80. 

“w Pohlenz, J. B., Oil & Gas J. 61 (3), 1963, p. 124. 

“>> -do- 74 (48). 1976, p. 63. 

Montgomery, J. A, Oil <Sr Gas J. 70 (50), 1972, p 81. 

^ Paul B, Venuto & Habib Jr. E T, Fluid Cracking with Zeoliis 
Catalysts Marcel Dekkcr, p. 65. 

« Ewell, V.R.W., Gadmer, G. & Turk, W. J., HCP, Sept. 1981, p. 103. 
Pierce, W. L,, Souther, R. S., Kaufsnan, T. G,. & Ryan, D. F., HCP, 
May 1972, p. 92. 

Strother, C. W., Vermillion, W. L & Conner, A, J., HCP, May 1972, 
p. 89. 

Henz Heinmann, Harold Shalit & Briggs, W. S., lEC, April 1953, 

p. 800. 

Haensel, V. & Addison, E. C, 7tli WPC, Vol, 4, p. 117 
Conn, A. L.. CEP, Dec. 73, p. 11. 

8i<B) (hoggins & Petersen, API, Panel Discussion HCP, April 1972, 
p. 131. 

<«)> Jacob. R. R. Ibid p 151. 

^ Sieebold, J E., Bcrtetti, J. W, Snuggs, J. F. & Bock, J A. Pet. 
Ref, May 1952, p. 114. 

Payne, J. W., Evans, L. P, Bergstrom, E V. & Bowles. V. 0„ 
Pet. Ref, May 1952, p. 117 

84 57 ^ 70 James G. Speight. The Chemistry and Technology of 
Petroleum* Marcel D«ikkcr, p. 359, 344, 202. 

Law, C., International Petroleum Abstracts No. 1, Vol. 9, 1981, p. 21 
«« Edmister, HCP, July 1973, p, 128. 

Sittig, M. Hand Book of Cataljst Manufacture Noyes Data Cor, 
p. 205, 141. 

Samuel, D. Burd Jr. & John Maziuk, HCP, May 1872, p. 97. 

^ Bernard J. Cha. Ronald Hein, Hugo Van Landeghem and Andre 
Vidal. HCP, May 1873, p. 98. 

^ Ascrizzi, J. M. HCP, April 1967, p. 140. 

Steiner, H. Introduction to Petroleum Chemicals Pergamon Press 
p. 56. 



THERMAL AND CATALYTICAI. PROCESSES 383 

Oiakravarty, S. & Arun Kumar, Proc. of All India Seminal on 
Carbon Tech, Korba, (BALCO) March 1975, p 11. 

“ Rao, B.K.B. & Sen, P. ~Ibid-> p 33. 

James H. Gary & Glen E, Hand Werk, Peiroleum Re6nmg 
Marcel Dekkcr, p. 58. 

Nelson, W. L Oil & Gas J 54, 3, 1956, p. 129 

Stekhum, A I., Mustafina, S A, Korcliafrina, T. LI k Korchagina, 

R. N. —Ibidr- p. 143 

4S^6a Kelt, T. K, Gerard C Lalm & N. Schulte, William Process 
Technology and blow sheets, McGraw Hill, 1975, p. 204 
Indian Petroleum Hand Book, 1973, p 213. 

Mantel], C. L, Carbon and Graphite Hand Ik-ok, Tntr Science 
1968, p. 149. 

8® Carter, C. P. HCP, May 1981. p. 96. 

8® Scott, J. W. & Patterson, N. J 7lh WPC, Vol. 4, p lO.S. 

8^ Chemistry of Petroleum Extraction II ; MSS Iniormation Corpora¬ 
tion 655, Madisrai Avaine 1976, p. 17, 12 
88 Light, S. D, Berlran, R. V. & Ward, J W. HCP, May 1981, p. 93. 

8^5 Boevink, J. E, Foster, C hi & Kumar, S. R. HCP, Sept 1981, 

p. 123. 

88 Beavon, D K. 7tli WPC, Vol 6, p 28 

8® Clarancc. D. Chang & Anthony J. Silvers»ri, lliC, Proem Dei. 
Dev. 1976, Vol. 15, No. 1, p. 161 

8^ Stephen, M. Oleck & Howard S Sherry, lEC, Process Des. 

Dev 1976, Vol. 16, No 4, p 52 

88 Hung, C W. & Wei, J, I EC, Process Dec. Dev April 1980, 19(2) 
p. 250-263. 

88 Mohammed, A. H. A. K & Aboulgheit, A, K, HCP, Sept 1981, p. 145. 
8^ Arie de Bruijn, Itaru Naka & Sonnemans, J. M lEC, Process 

Des. Dev. 1981, No 1, 20, p. 40. 

88 Siva-siibramanian, R. & Cryncs, B. L, lEC, I’lwl Res D»*v I98(X 
No. 3, 19, p. 456-459. 

68 Kellett, T F, Sartor, A. F & Trevino, C A., HCP, May 1980, 
P. 139. 

67 Bull, S. & Mamin, A, 10th WPC, 1979, Vol 4. p 221. 

68 Yanik, S. J, Frajer, J. A. & Hauling, G. P., HCP, May, 1977, pi 97. 
68 Billion, A, Franck, J P. & Peries, J, P, International Petroleum 

Abstracts, 1981, No. 2, Vol. 9, p 21. 

7® Rao, B K. B., Banerjee, T. S. & Sen, P, 2nd LAWPSP Symposium 
IIT, Bombay. 

71 Buiter, P., Vain, P, Spijkar, J. & Vajizooncn, D., 7th WPC Vol. 4, 
p 127. 

78 Hofman & Sclieritshein, J. American Clvem. Sac. 1962, 84, p. 954. 

78 Doshi, B. & Albright, L. E iEC, Proc. Des. 1976, Vol 15, Nu 1, 
p. S3. 



384 


MODERN PETROLEUM REFINING PROCESSES 


T5 ^ 78 Kenneth A Kobe & John A. McKetta., Advances in Petroleum 
Chemistry and Refining Vol. 1, p. 343, 297-301, Vol. 7, p 297. 
Dunning, H N, lEC, March 1953, p. 552 
Langlois, G. £ & Walkay, J £., Pet. Ref August 1952, p. 79. 
Henry Martyn Noel, Petroleum Refining Mannual, Reinhold Pub. 
N York, p 125. 


Exercise 

1. Relative velocity pf a cracking reactic>n of a heavy oil 
at 490°C was found to be 18.8. To operate at 70 kg/cm^ 
pressure the coil volume was increased by 10% per 
barrel. The temperature oorrection at this pressure was 
0.38. Calculate soaking factor. Find the additional 
volume of tlie coil for cracking 100 lbs. of oil per hour. 

(Ans. S.F. 0.071, Vol. 24 liters) 

2. Explain briefly the effect of steam in a naphtha cracker, 
(b) Full range naptha (45-180°C) is cracked at a rate 

of 5 tons/hr. Assuming different steam to hydro¬ 
carbon ratios estimate the optimum ratio of steam 
to hydrocarbon for producing maximum olefins. 

3. How do the different honv>logous series influence 
cracking ]>attem. If the feetl stock meant for thennal 
cracker is wrongly delivered to a hydrocracker, what 
sort of repurcussions may l>o anticipated. 

4. A delayed coker is designed to process 1000 kg/hr of a 
feed stock consisting of atmospheric bottoms and lube 
extracts. The average CCR was found to be 31.3%. 
Calculate the following. 

(a) The amount of coke and gas produced per day. 

(b) The C C R of products is 10, find C D E. 

5. Calculate heat of combustion of a mole of methane from 
the available data. 

Heat of formation at 0°C kj/kg mole 
Methane — 72.000 

Water (1) —272,500 

Carbon dioxide (g) —376,220 

(Ans. 212 K cals/gm mole) 
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6. Find the heat of decomposition per kg. gasoline produced 
in vis breaker which handles 7000 bbs/day of a charge of 
properties given below : 


Feed stock 

Cao—~C io 


p at 30®C 

0.825 


Heat of combustion 

36 MM/kg 


Products Yield % 

Heat of Combus¬ 

Mol. wt. 


tion M’J/kg 


1. Gas 2.2 

38.5 

32 

2. Gasoline 12 

44.5 

80 

3. Middle fraction 28 

41.3 

190 

4. Full oil 29 

38 2 

295 

5. Residue 25 

30.5 

480 

6. Rest, losses. 




(Ans. 3.14 M“J/Kg) 

7. From the data (I’rob. 

6.) find the activation energy 


{)er Kg. gasoline produced 

Time of cracking is 20 minutes at 400°C. 

(C = 30) 

(Ans. 52,303 K cals) 

8. The following reaction was studied in a hydrocracker. 
The equilibrium constant at 25®C and one atmosiihcnc 
pressure was found to be 0.03 ; find the equilibrium 
const, at 400°C, pressure remaining same. 

C,H« CeH. (gas>-^ C.H* + C.He (g) 

A H = -2600 K cal/Kg mole. 

(Ans. 2.49X10-’) 


25(45-15S/1<)82) 



CHAPTER 6 


Asphalt Technology 


e.1 Source of Asphalt (Bitumen) 

Asphalt is obtained as the ultimate bottom product of a 
vacuum distillation column. The residuums may still contain 
some oil, but further distillation serves no use at all. These 
residuums arc rich in asphalts and form the starting materials for 
air Uown bitumen. Asphalts are also obtained in large scale, 
from deasijhalting units. Reduced crudes, waxy distillates, lube 
mis and long residuums are usually deasphalted for getting 
quality lube oil base stocks. Naphthenic crudes leave more 
asi^ltic bodies in high boiling fractions, hence deasphalting 
operations are necessary for protlucing bright stocks and quality 
lube oils. 

Cat. cracker feed stocks are also necessarily subjected to 
deasphalting operations. 


6.1.1 Chemical Structure of asphalt 

AsjAalts do not have general representative formula and are 
veiyr complex in nature exhibiting inconsistent properties. Asphalts 
are colloidal in nature and contain asj^llenes in oil which are 
stabilised by resins to maintain the colloidal ff>rm. A sample of 
asphalt contains : 


Oil 

Resins 
Asphaltenes 
Adds etc. 


35 to 50% 
5 to 20% 
20 to 30% 
upto 10% 


AsphalHs obtained from vacuum distillation units shall 
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have less pour point (usually between 30 to 60°C)’ where as 
as^dialts from deasphalting operations show a high pour point 
(45 to 90°C). Asphaltic materials are usually res]xjfnsibl6 for 
some of the physical properties of crude oils. High sulfurous 
crudes give more asphaltic materials. 

Asphaltic materials are black in colour and <iisplay agglu¬ 
tinating properties and hydrophobic tendencies. These are the 
properties which are industrially explored for road making and 
water proof works. 

Structure of asphaltic materials has been the subject for 
numerous investigations. These investigations have revealed 
the significant details of the structure. 

Most of the as|jhaltenes contain carbon to an extent of 
82±3% and hydrogen to 8.1 ±0.7%. It can be seen that the 
carbon hydrogen ratio is greater than 9 but surprisingly the ratio 
for various asphalts remains same. Nitrogen, oxygen and 
sulfur are the usual hetero elements present in asphalts in vary¬ 
ing amounts. With increasing aromaticity and hetero elements, 
the molecular weight of the material also increases. Oxygen 
content vary from 0.3 to 4.9 and sulfur content reach upto 
10%, while variation in nitrogen content is not appreciable- 
goes upto 3% only. 

The structure of asphalts has been, open to question for 
some time.^ The present NMR studies show that they are con¬ 
densed aromatic structures of sixteen carbon atoms or more. 
The ida of such big molecule may be difficult to conceive. 
X-ray analysis has furnished the valuable information regarding 
the dimensions of interlamellar distance, layer diameter and 
height of unit cell. 

Indeed, the st^ubility of asphalt in different solvents varies. 
This advantage has been capitalised in precipitating different 
grades of asphalts hy the use of solvents. 

Sidfuric acid® is quite destructive to asphaltenes. Some 
salts like aluminium chloride can successfully remove the last 
tr^ of asjrfialtenes. The facile interactions of metal chlorides 
wth asphaltenes may prove as a possible means of petroleum 
aeasphalting in future. 

_ molecular of asphalts vary considerably from 

900 to 2000 or even more, but no structural investigations bare 



388 


MODERN PETROLEUM REPINING PROCESSES 


emphasised the nature and location of the inorganic materials in 
these asphalts. * 

6.1.2 Action of heat on asphalt 

Thermal cracking of asphalts result in more or less the same 
products as contemplated in heavy oil cracking. Thermal decom¬ 
position of asphaltenes is a good method for identifying and 
estimating the hetero atoms. A spectrum of compounds like 
saturates, unsaturates, and oxidation products are obtained 
during thermal decomposition of asphalts. Some of the decom¬ 
position products of asphalt are : 

H*, (X>, CO„ HS. SO^.HaO. 

QH*. QHs; RNH2, CH4, QHo. C3H, 

C4H10, CsHjg, CbHi 4 

Dealkylation of aromatic rings at low temperatures; and 
formation of benzene and naphthalene structures at high tem- 
]jerature$ are quite contrary but pronounced. 

However, the oxidation of asphaltenes by common oxidising 
agents like acetic acid, peroxides etc. is exceedingly slow. Pheno¬ 
lic and carboxyl groups are formed during t)xidation. There is 
some up-take of oxygen by the molecule which effectively results 
in decreasing the solubility of asplialt in heptane. During oxida¬ 
tion dehydrogenation also takes place, with the result, unsatur¬ 
ates and aromatics tend to increase. Blowing air through 
asphalts brings about orientation in molecular structure, usually 
decreasing the molecular weight but producing necessary func¬ 
tional groups to give more agglutinating piopeiLies. Moschopedis® 
el al have shown that during oxidation of asphaltenes oxygen to 
carbon ratio increases with increase of time, further the colour 
and consistency arc progressively increased. 

b.1.3 Types of Asphalts 

Asphalt is categorised into three distinct species, depending 
upon the source. The primary' source is the residuums of 
vacuum distilation unit, second source is from deasphalting 
operationa Third is a mixed source comprising all the 
above two and solvent extracts. The necessary qualities like 
ductiUty, paietration index and API gravity are not available 
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with these raw stocks ; hence are to be imbeded. Some qualities 
are enhanced by air bjbwing of asphalt, the product of which is 
commercially known as air blown bitumen 

6.2 Air Blowing of Bitumen 

Air blowing is done mostly in batch units although continu¬ 
ous air blowing of bitumen is also in existence. In this opera¬ 
tion, asphalts from various sources are mixed and heated to a 
temperature of 200 to 210°C and sent into the reactor. Fig. 6.1 



(1) ■ FLASH COLUMN tAl BLCNOCR 

izi rcactoa (A) asphalt PSOM ocasphaltinc 

UNIT 

(3) HCATCR (S) VACUUM RESIOUUMS. 

Fig. 6.1. Bitumen Blowing 


shows the outlines of the operation. The reactor may be horizontal 
or vertical type, usually made of mild steel, of a capacity to 
hold 1000 tons of charge stock. These reactors are fitted with 
air distributors at the bottom and also cooling and heating coils. 
During oxidation the temperature may increase rapidly, hence 
as a precautionary measure provision for cooling is made avail¬ 
able. 
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The reactor should be maintained at a temperature of 
200 to 320®C, and air rate of 0.5 to 1.5 m** at a pressure of 
1,1 to 1.2 Kgs/cm? per hour, per ton of charge stock is 
necessary. 

Blowing time lasts for 10 to 14 hours depending upon *^hc 
required consistency of bitumen. Heat of reaction* is depen¬ 
dent upon the consistency of bitumen as shown below ; 


Initial softening 
point ®C 

41.4 

21.7 


Final softening 
point °C 

120 


Heal of reaction 
kJ/Kg. 

16.9 

170.75 


Gases are allowed to escape into refinery flare up or/ 
combustion system after being stripped with water. 

The product, air-blown bitumen is obtained from the bottom 
of the reactor. 

With sulfur also oxidation is possible and the product is 
found to have the comparable qualities as with air blown 
bitumen; but the cost of such process is exorbitant. 

The time of air blowing can be considerably reduced by 
adding certain chemicals like ferric chloride*, phosphorous pen- 
toxide etc. A concentration of 0.^% ferric chloride is found 
to reduce the air blowing period by half. 

Cut back bitumens are not really manufactured ones, but 
blended ones. These are obtained by blending various asphalts 
with a suitable solvent; in fact these are liquid bitumens. Their 
action prevails after the solvent is dried off. These are mostly 
cheap grade bitumens. Simple blending of asphalts also may 
serve common needs. 


Penetration index, the most important property of bitumen 
judges the quality of bitumen. Arbitrary estimation of pene¬ 
tration index is possible* if the softening point (Ball and Ring 
method) is known; by the following correlation : 

20-P.T. 1 log 800-log P.I. at TTC 

f5+PX^50 Softening point at 


This equation is based upon the assumption^, that penetra¬ 
tion index of all asphalts at softening point is approximatdy 800. 



ASPHALT TECHNOLOGY 


391 


REFERENCES 

^ James G, Speight, The Chemistry and Technology of Petroleum 
Marcel Dekker, p 202 

® Kalcluvesky, V, A. & Kenneth A. Kobe Petroleum Refining with 
chemical, Elsevier Pub., 1956, p. 24 

® Moschopedis, S. E & Speight, /. G. fuel 1978, p. 57, 239. 

* Douglas, S., Snutli, B. & Bcrtert E Schweyer. I EC Vol 2, No 3 
July 1963, p. 209. 

® Pal Zakar, Asphalt. Chemical Publ Co Inc N. York, 1971 p 85 

® Edwin J. Berth, Asphalt, Science and Technology, Gordon and 
Breadi Science Pub., N. York, p, 272. 

^ Herbert Abraham, Asphalt & Allied Substances, D. Van Nostrand 
Comp, Vol. IV, p. 130. 



INDEX 


Absorptoin 218, 224 
Acid, Sulfuric 18, 20, 233, 247, 
250, 373, 375 387 
Activation energy 292, 294 
Additives 98. 102, 123, 132, 155, 
304 

Adduct 270 

Adsorption 239, 248, 250, 251 
Air lift therniofor cat. cracking 
309, 313 

Air blown asphalt 389 
Alkylation 300, 371 
(with) AlCla 375 
HF 373 
Sulfuric 372 

Altitude Effect on Octane num¬ 
ber 99 

American Petroleiun Instil nte 
Project 4, 5 

Amines 104, 183, 223, 358, 367 
Aniline Point 111, 117, 118, 199 
Antiatats 108, 123 
API Gravity 7, 51, 52. Ill, 119, 
171, 289 

Argillaceous rocks 4, 7 
Arofining 369 

Aromatics, properties 2, 21, 98, 
116 

Asphalt 30, 50, 124, 182, 264, 295, 
386 

‘ ASTM Distillation 58, 93, 107 
ASTM Gap 175, 177 
ATF 107 

Aviation gasoline 98, 107 
Autofining 236, 369 
Azeotrope 262 

Ball and Ring Test 138, 390 


Barisol Process 273 
Base of crude 50 
Bauxite 235, 249, 251, 328, 365, 
377 

Bitumen 29, 30, 138, 180, 386 
Blending 193, 199 
Bloom 16 
Boiling points 
different 58-59 
presscre correction 55, 64 
initial and Anal 68, 70, 93 
Bottle gaVLPG 90, 91. 92 
Breathing losses 95 
Bright stock 124, 278, 386 
Brine 148 
Bronsted Acid 300 
Butanes 91 

Carbon residue 122, 128, 129, 304, 
344, 349 

Carboniuni ion 288, 300, 301, 372 
Cascade cooling 220 
Casing head gases 89 
Catalyst activity 305, 315, 357, 
365, 376 

Catalytic cracking 300, 354 
Cerols 269 

Cetane number 79 , 121, 122 
CFR Engine 98 

CHiaracterisation factor 52, 79, 
289 

Chilling 270 
Qilorex 259 
Clay treatment 247 
Contact 252 
Percolation 253 
Cloud point 118 
Co^cient, expansion 75 



INDEX 


393 


Coke 289, 295, 343^ 366 
Cc4dng processes 342, 343, 346^ 
350 

Cold test, oils 126 
Colour oils 125, 126 
Combustion characteristics, 

Diesel 121 

Conradson decarbonising effici* 
ency 344 

Copper chloride 210, 226, 236 
Correlation index S3 
Cracking 285, 297, 339 
Thermal 284, 287, 388 
Cylinder stocks 125, 252, 278 


Deasplialting 278 
Decomposition Heat, 290, 293, 294 
Delayed coking 345, 346 
Dehydration 224 
Agents 226 
Crude 147 
Gases 224 
Demex 365 

Desaltmg of crudes 147 
Desulfurisation 235, 360 

Catalyst (Hydro) 364, 365 
Detergents 133 
Dewaxing 270 
MEK 273, 275 
Solvents 273 
Diatoms 3, 6 
Dielectric strength 131 
Diesel fuels 117 
Diesel index 118 
Diethylene glycol 244 
Di-olefins 20, 338, 369 
Distillation tests 54, 93 
Distillation 53 
ASTM 93 
Engler 58 
Hempel 58 
TBP 57 
of crude 171 

Doctor sweetening 209. 230 
Dualayer process 229 
Dubbs process 296. 345 


Ductility 388 

Duosol process 262, 272 

Edelcanu process 236 
EFV 57 

Electric dcsaltuig 148 
Emulsion 148 
Engine oils 124 
Equilibrium 

Distillation 57 

Ethanol-amine 211, 223, 224 
Evaporation losses 95 
Extraction, liquid 210, 265 
Extreme Pressure lubricants 126, 
134 

Ferrofining 370 
Fire point 11, 114 
Flash point 109, 111, 112, 131 
Flash Vaporisation 57 
Flexi cracking 318 
Fluid catalyst cracking processes 
305, 314, 317 
Foots oils 272 

Free radicals 104, 130, 287. 297 
Fuel oil 297, 298 
Fullers earth 248!, 240 
Furfural extraction 260 
Furnaces 156, 295, 297 

Gas 88. 89 

Gasoline 92, 93, 98, 99, 297 
Treatment 226 

Giammaco Vetrocoko Process 
226 

Girbotol process 212 
GI^xols 19. 102, 248 
Goudron 179, 184 
Gray clay treatment 248 
Gulf fining 369 
Gulf H.DS. 368 
Gum, existing 93, 100, 248 
Potential 101 

Heat of Formation 303 
Bonds 288 



394 


MODERN PETROLEUM REFINING PROCESSES 


Cambustion 73 
Decomposition 290, 293 
Reaction 335, 390 
Vaporisation 75 
Homologous 2, 3 
Houdriflow 313 
Houdry forming 327, 331 
Houdry cat. cracking 309, 310 
Huff catalyst 217 
Hydrates 18 
Hydrobon 369 

Hydrocracking 324, 354, 358, 359 
Hydro Fining 368, 369, 370 
Hydro Treatment 354, 357, 364, 

Hydrodesulfurisation 235, 323, 

364 

Hydrogen fluoo'ide alkylation 373 
Hypocliloritc sweetening 210 
Hysomer 379 

Ignition Temperature 76, 120 
Inhibitor 101. 104, 135 
Inhibitor sweetening 226 
Isomate 379 
Isomax 357, 358 

Isomerisation 322, 325, 354, 375 
Isoplus Houdri fonning 331, 332 

jet Fuel 88, 107, 360 

Kauri butanol number 111 
Kerogens 6 
Kerosene 88, 111, 369 
Treatment 236 
Ketone dewaxing 273 
Kinematic viscosity 77, 80, 83 
Knocking 97 

Lewis acids 300, 371 
Lipoclastic anerobes 5 
Litharge 210 

LNG Technology 220. 222 
Low temperature fractionation 
220 

LPG 90, 208. 218, 222 


Lube Oils 80. 124, 246 
Luminosity 111, 116, 238 

Manganese nodules 365 
Mercaptans 21. 209. 226, 228, 365 
Mercapsol 229 
Merox Process 331 
Metal deactivaiors 135 
MEK dewaxing 274, 275, 278, 280 
Micro crystalline wax 269, 281 
Molecular sieves 356 
Moving bed process 305, 307, 309, 
311, 325, 361 

n-formyl morpholine 241 
Nall fining 229 
Naphtha cracking 338 
Napthenes 2, 20, 98, 107, 115, 246, 
342, 355 

Naphtha 110, 211 
Nickel 217, 304, 356, 365, 368 
Nitrogen compounds 25, 28, 209, 
303, 327 
Non basic 29 

Octane number 97, 289, 290 300 
Olefins and properties 20 
OPEC 9 
Optical activity 3 
Ortho flow 319 
Osterstron Process 248 
Oxidation stability 10(^ 129, 130 
Oxygeii'Compounds 26, 28, 209 

Paraffins 18, 76 

Penetration Index 138, 270, 390 
Penex 379 

Percolation treatment 350, 253 
Peter's Still 53 
Petrolatum 270 
Phase diagrams 242 
Phenol treatment 255 
Pipe still heaters 152, 297 
Plankton 6, 24, 29 
Platforming 329, 375 
Podtaelniak 53 
Polymer gasoline 99, 380 



INDEX 


395 


Porphyrins 3, 6, 27, 29, 30, 365 
Pour point 20, 29, 80, 108, 118, 
295, 387 

Power forming 333 
Propane deast^alting 278 
dewaxing 275 
Pjrolysis 285 

Radiation 153 
Raffinate 239. 255, 267 
Reflux 173, 177 
Reforming 322, 329 
Rex forming 334 
Reid Vapor Pressure 90, 97, 106, 
186, 197 

Research Octane 98, 99 
Rhein forming 331 
Ring number 88 
Riser Reactor 307, 314, 319 

Salts 148, 211, 226, 387 
SAE classification 85, 126, 127 
Saybolt viscosity 77, 122 
Selecto forming 333 
Self ignition temperature 76, 120 
Sharpcl coitrifuge 271 
Slack wax 269 
Slip velocity 316 
Snicfice point 18, 107, 108, 111, 
115 

Improvement 236, 241, 243 
244, 245 

Soaking factor 291 
Softening point 138, 141 
Sclutizer process 228 
Solvent 

dewaxing 273, 275 
extraction 239, 253, 265 
properties 245, 256 
treatment 253 
Specific heat 73 
Specifications 
gasoline 106 
kerosene 112 
Diesd 119 
Transformer oil 137 
Bitumen 141 


Storage bas 95 
Stratford process 224, 248 
Sulfuric acid Treatment 233, 246 
Sulfur compounds 21, 24, 111, 
116, 249, 327, 355 
lead requirement 101 
Sulfur dioxide treatment 339 
Sulfolane 236 
Sulfonil treatment 224 
Suspensoid cracking 229, 299 
Sweating 271 
Sweetening 209 

Takahax 215, 226 
TEL 97, 98, 101 
Thermal conductivity 81 
Thermal cracking 290, 344, 345 
Thermofor kilns 253 

Cal. cracking process 309, 
312 328 

Thiophenes 9. 24. 216, 249, 365 
True Boiling Point 
Apparatus 53, 57 
Reladon to ASTM, EFV 60, 
61 

Transformer Oils 131 
Turbine oils 125 

Udex extraction 244 
Ultrafining 370 
Ultra forming 334 
Unisol treatment 228 

Vaccum Distillation 172, 179, 203, 
279 

Vanadium 29, 225, 304 
Vapour locking 95 
Vapour pressure 55, 91 
Vetro coke 224 

Viscosity and Meters 77, 81, 118 
120, 123 

Blends 126, 127 
Conversion 85 
Estimation 83, 86 
Index 18, 77, 78, 125, 246, 
253. 369 
Thermo 88 



396 


MODERN PETROI.EUM REPINING PROCESSES 


Viscosity Breaking 2H 295 Wax 246, 269, 272 

Viscosity Gravity constant 81 

Volatility 96, 97, 108, 111, 117 X-ray 270, 387 

Warm up 95, 96 Zeolites 303, 305, 333, 356. 379 



ERRATA 


Page No. 

24 Tsoprene 
Piperylene 

25 cycloi)entyl .cyclohexyl 

52 K 

53 G)rrelation Index 

74 Wobbe No. 

113 Flash point 
139 Fig. 2.24 

166 Area of tubes 

192 Total Salt 
197 Problem 3.8 

222 4th line 

266 Critical packing size 


To be read as 
(CHa) = CHa 
= CH.Cll = 


first ring cyclopentane 

MR 

0.823 p 
48640^ 

Heat of combu stion 
(^Sp. gravity)®"* 

0 54 T°C-69.52 


Softening Point 




10»X17 

35.5 


+68.6 


Tables 3.5 & 3.6 under tJic 
j>roblem. 


2.21 million cubic meters 


2.24 (y/Ap)"-^ 









